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Art.  I. — The  Relative  Proportion  of  liadium  and  Uranium 
in  Jiadio-Active  Minerals  /  by  E.  Rutherford  and  B.  B. 

BOLTWOOD. 

In  the  July  number  for  last  year  of  this  Journal,  the  writers 
gave  an  account*  of  measurements  which  had  been  made  to 
detennine  the  amount  of  radium  present  per  gram  of  uranium 
in  a  natural  mineral.  Since  previous  experiments  had  shown 
that  the  amount  of  radium  in  a  mineral  was  always  propor- 
tional to  its  content  of  uranium,  it  was  pointed  out  that  the 
weight  of  radium  present  per  gram  of  uranium  was  a  con- 
stant of  considerable  practical  and  theoretical  importance. 
The  method  adopted  depended  on  the  preparation  of  a  stand- 
ard solution  of  radium  bromide  and  the  amount  of  radium 
emanation  formed  in  it  was  compared  with  that  formed  in  a 
radio-active  mineral  containing  a  known  quantity  of  uranium. 
Since  the  electrical  comparison  of  the  relative  amounts  of 
radium  emanation  can  be  made  with  considerable  precision, 
the  accuracy  of  the  results  obtained  by  the  determination 
mainly  depended  on  the  exactness  with  which  the  solution  of 
radium  taken  as  the  standard  had  been  prej^ared. 

The  standard  solution  was  prepared  by  Rutherford  and  Eve. 
A  crvstal  of  radium  bromide  was  taken  from  a  stock  which 
previous  experiments  had  shown  to  emit  heat  at  the  rate  of 
110  gram-calories  per  hour  per  gram  and  was  consecjuently 
probably  nearly  pure.  The  amount  of  radium  bromide  was 
determined  bv  direct  weighing  and  also  by  comparing  its  7-ray 
eflEect  with  that  produced  by  a  known  larger  weiglit  of  the 
same  stock  of  radium  bromide.  The  crystal  of  radium  bro- 
mide was  then  dissolved  in  distilled  water  and  by  successive 
dilutions  solutions   were  prepared  to  contain  10"",  10~*  and 
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.:  'J:  W"'* TxiHl^p^'aii  of.'Vkdltim  W^mKle-per-  cubic  centimeter.  By 
•  •' •  «vaporitiiig«l*no\<^ii- ^UaV.tities  o?^  tliese  solutions  and  testing 
the  a-ray  activity  of  the  residues.  Eve  found  that  the  relative 
activities  were  in  close  agreement  with  their  supposed  content 
of  radium.  There  was,  therefore,  every  reason  to  assume  that 
the  standard  solutions  were  correct.  About  two  months  after 
preparation,  a  portion  of  one  of  these  solutions  was  trans- 
ferred to  another  bottle  and  sent  to  Boltwood,  who,  assuming 
the  accuracy  of  the  standard,  determined  by  experiment  that 
the  amount  of  radium  corresponding  to  one  gram  of  uranium 
in  a  mineral  was  7'4XlO~'  gram. 

Kecently,  however,  some  experiments  made  by  Mr.  Eve  in 
the  laboratory  of  McGill  University  indicated  that  the  solu- 
tion used*  for  the  above  determination  was  in  some  way  defec- 
tive and  that  the  quantity  of  radium  actually  in  solution  was 
less  than  had  been  assumed  to  be  present.  It  was  found  that 
a  considerable  proportion  of  the  radium  had  been  deposited 
on  the  surface  of  the  glass  vessel  in  which  the  solution  had 
been  preserved  and  it  is  probable  that  this  action  had  taken 
place  before  the  solution  sent  to  Boltwood  was  withdrawn. 
A  full  account  of  Mr.  Eve's  experiments  is  given  by  him  in  a 
paper  which  accompanies  this  in  the  same  number  of  the 
Journal.  We  desire  to  thank  Mr.  Eve  for  his  kindness  in 
drawing  our  attention  to  this  matter  and  for  his  assistance  in 
preparing  a  new  radium  standard. 

The  method  employed  for  determining  the  quantity  of 
radium  present  in  the  material  from  which  this  new  standard 
solution  was  prepared  is  described  in  detail  in  Mr.  Eve's 
paper.  The  weight  of  radium  bromide  taken  was  ascertained 
by  this  method  to  be  equal  to  0*27  milligram.  The  minute 
fragment  of  salt  was  removed  from  the  small  sealed  vial  in 
which  it  had  been  received  and  was  dropped  into  a  small 
beaker  containing  a  few  cubic  centimeters  of  dilute  hydro- 
chloric acid.  The  liquid  was  heated  and  was  then  carefully 
examined  with  a  glass,  when  absolutely  no  trace  of  any  insolu- 
ble material  could  be  detected.  The  vial  which  had  contained 
the  salt  was  washed  several  times  with  concentrated  hydro- 
chloric acid  and  water,  and  these  washings  were  added  to  the 
main  solution.  The  solution  was  introduced  into  a  standard 
graduated  flask,  the  volume  was  increased  to  exactly  1000'^  by 
the  addition  of  freshly  distilled  water,  and  the  whole  was 
agitated  for  some  time  in  order  to  insure  complete  mixing. 
Ten  cubic  centimeters  of  this  solution  were  now  withdrawn 
with  a  standard  pipette  and  introduced  into  a  second  gradu- 
ated flask.  A  few  cubic  centimeters  of  dilute  hydrociiloric 
acid  were  added  and  the  solution  was  diluted  to  1000'*"  with 
distilled  water.     After  thorough  mixing,  10"  of  this  second 
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solntion  was  removed,  introduced  into  a  bulb  of  about  100" 
capacity  and  diluted  to  about  SO*^*^  with  distilled  water.  The 
contents  of  the  bulb  were  boiled  vigorously  for  about  ten 
minutes  and  the  tubular  orifice  of  the  bulb  was  then  sealed  by 
fusion. 

After  a  period  of  exactly  four  days  had  passed  the  emana- 
tion which  had  accumulated  in  the  bulb  was  removed  by  con- 
tinued boiling  of  the  solution,  and  was  transferred  to  an 
air-tight  electroscope  and  its  activity  measured.  The  leak  due 
to  the  emanation  was  equal  to  4*27  divisions  per  minute,  and 
the  calculated  leak  corresponding  to  the  maximum  equilibrium 
quantity  of  emanation  was  8*44  divisions  per  minute.  On  the 
basis  oi  0*27'"*  of  pure  radium  bromide  originally  taken,  the 
amount  of  radium  contained  in  the  solution  in  the  bulb  was 
1-57x10-*  milligram. 

The  leak  corresponding  to  the  equilibrium  quantity  of 
radium  emanation  formed  by  the  radium  associated  with  one 

fram  of  uranium  in  a  natural  mineral  was  next  determined, 
'he  mineral  chosen  was  a  pure  North  Carolina  uraninite  con- 
taining 68*2  per  cent  of  uranium.  The  leak  in  the  same  elec- 
troscope corresponded  to  206  divisions  per  minute  per  gram 
of  uranium.  From  the  above  numbers  it  can  readily  be  calcu- 
lated that  the  quantity  of  radium  associated  with  one  gram 
of  uranium  in  a  raaio-active  mineral  is  equal  to  approxi- 
mately S'SxlO"''  gram. 

The  value  of  the  new  number  is  about  one-half  that  of  the 
old.  On  the  present  basis  the  ores  of  uranium  per  ton  of 
2,000  pounds  will  carry  about  0*0034  gram  of  radium  for 
every  per  cent  of  uranium  present.  A  ton  of  60  per  cent 
uranium  ore  will  therefore  carry  about  0*20  gram  of  radium 
equivalent  to  0*35  gram  of  radium  bromide.  These  numbers 
are  more  nearly  in  accord  with  the  quantities  of  radium 
extracted  from  the  ores  in  actual  practice  than  were  those 
derived  on  the  basis  of  the  former  standard. 

April,  1906. 
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Art.  II. — The  Measurement  of  Radium  in  Minerals  hy  the 

^'Radiation  ;  by  A.  S.  Eve. 

The  usual  method  of  determining  the  amount  of  radium 
in  a  mineral  is  by  measuring  the  maximum  activity  of  the 
emanation  obtained  from  a  sohition.  Good  results  have  been 
obtained  in  this  way  by  Strutt,  and  by  Boltwood.  Again,  tlie 
quantity  of  uranium  present  is  usually  found  by  chemical 
analysis  ;  and  a  measure  of  the  active  matter  in  a  sample  of 
pitchblende  can  be  found  by  observing  the  a-radiation  from  a 
line  powder  constituting  an  average  sample  of  the  mineral. 

In  the  present  paper,  an  account  will  be  given  of  another 
method  capable  of  giving  equally  accurate  results.  It  was  due 
to  a  suggestion  by  Professor  Kutherford  that  it  would  be 
interesting  to  ascertain  if  radium  E  emitted  7-rays.  This  was 
to  be  expected  because  he  had  already  proved  that  radium  E 
gave  rise  to  )8-rays,  and  in  all  known  cases  these  are  accom- 
panied by  7-rays,  and  are  probably  their  immediate  cause.  In 
a  newly  prepared  sample  of  radium  bromide,  there  has  not 
been  sufficient  time  for  the  growth  of  the  slow  transformation 
products,  so  that  very  little  radium  E  is  present.  But  urani- 
nite,  v*^hich  emits  but  a  small  fraction  of  its  emanation,  must 
necessarily  contain  radium  E  almost  in  an  equilibrium  amount. 

The  results  of  some  preliminary  experiments  have  been  pub- 
lished in  a  recent  number  of  the  Philosophical  Magazine.* 
The  waiter  proved  that  the  7-radiation8  from  radium,  thorium 
and  radio-thorium  were  practically  identical  in  character,  being 
very  penetrating  and  absorbed  to  an  equal  degree  by  lead. 
On  the  other  hand,  the  7-ray8  from  uranium  and  actinium 
were  feeble  and  readily  absorbed.  It  is,  therefore,  possible  to 
cut  off  the  7-ray8  arising  from  uranium  or  actinium  in  a  sub- 
stance, and  yet  to  have  a  strong  7-radiation,  due  to  radium  or 
thorium,  penetrating  the  screen.  In  this  way  it  is  easy  to 
measure  the  amount  of  radium  or  of  thorium  present  in  any 
ore,  or  in  a  solution,   and  the  active  substance  need  not  be 

fowdered,  or  dissolved,  or  removed  from  bottle  or  test  tube, 
t  is  only  necessary  to  place  the  substance  under  a  lead  screen 
about  one  centimeter  thick  and  to  observe  the  fall  of  the  gold 
leaf  of  the  electroscope.  Then  a  standard  of  known  magni- 
tude, consisting  of  radium  or  thorium,  is  similarly  placed,  aqd 
the  fall  of  potential  is  again  observed  for  the  same  period  as 
before.  The  saturation-currents  in  the  two  cases  are  propor- 
tional to  the  quantities  of  radium  or  of  thorium  present.  This 
method  of  determining  the  amount  of  radium  or  of  thorium 
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present  applies  to  ores  which  contain  only  uranium  or  only 
thorium.  If  the  ore  consists  of  a  mixture  of  these  two  ele- 
ments, the  method  cannot  be  applied  except  to  obtain  their 
joint  amount.  With  these  limitations,  the  method  is  capable 
of  giving  exact  results,  but  when  the  amount  of  substance 
employed  is  large,  a  correction  may  be  necessary  for  the  absorp- 
tion of  the  rays  in  the  substance  itself. 

Specimens  of  uraniuite  from  Joachimstahl  were  obtained, 
weighing  a  kilogram,  and  it  was  found  that  radium  E,  assum- 
ing it  to  be  present,  either  does  not  emit  7-rays,  or,  more  prob- 
ably, it  emits  7-rays  wliich,  like  those  of  uranium,  are  of  a 
feeble  penetrating  nature.  The  very  penetrating  radiation 
from  pitchblende  can  therefore  be  wholly  attributed  to  the 
presence  of  radium  C. 

In  the  course  of  this  work  the  amount  of  radium  present  in 
the  kilogram  of  uraninite  was  found  to  be  of  the  order  of  the 
amount  contained  in  a  quarter  of  a  milligram  of  pure  radium 
bromide.  Consequently  it  was  possible  to  estimate  the  amount- 
of  uranium  contained  in  the  ore,  using  as  a  basis  of  calculation 
the  result  of  Rutherford  and  Boltwood  that  1  gram  of  uranium 
contains  7'4xl0"'  grams  of  radium.  The  amount  of  uranium 
thus  determined  was  surprisingly  small,  and  in  consequence 
part  of  the  pitchblende  was  sent  to  Dr.  Boltwood  at  New 
Haven  in  order  to  check  the  results  in  the  two  laboratories, 
and  to  get  at  the  bottom  of  the  divergence  in  results. 

Dr.  Boltwood  found  that  the  radium  present  was  about 
twice  as  great  as  in  the  determination  by  the  writer  at  Mon- 
treal. As  both  Ur.  Boltwood  and  myself  were  confident  of 
the  accuracy  of  our  measurements,  and  as  both  methods 
appeared  to  be  above  suspicion,  an  examination  was  made  of 
the  standards  on  which  the  measurements  depended. 

It  is,  therefore,  necessary  to  give  some  account  of  the  stand- 
ard solutions  employed  by  Dr.  Boltwood.  In  March,  1905,  a 
crystal  of  radium  bromiae  was  ta.ken  from  a  supply  which 
Professor  Rutherford  found  gave  a  heating  effect  of  110  gram- 
calories  per  hour  per  gram,  and  which  was  presumably  pure. 
This  was  compared  by  Professor  Rutherford,  using  the  7-ray 
test,  with  a  larger  known  quantity  of  radium  bromide,  and  it 
was  also  weiijlied  carefullv  bv  the  writer.  The  results  were  in 
excellent  agreement,  and  the  weight  determined  was  '95"^. 
The  crystal  was  placed  in  05^''  of  distilled  water,  and  fractions 
of  the  solution  were  then  drawn  off,  and  water  was  again 
added  so  that  three  glass  flasks  were  filled,  containing  10"', 
10"*,  ]0~'"*^  of  radium  bromide  per  c.c.  of  water.  Portions 
of  these  were  evaporated  to  dryness  in  small  zinc  trays,  the 
resulting  activities  were  measured  and  their  ratios  were  found 
to  be  satisfactory.     The  standards  were  sealed  and  put  aside 
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for  permanent  use.  Unfortunately,  no  acid  was  added  to  tlie 
solution,  and,  in  the  light  of  subsequent  events,  this  omission 
was  serious,  although  the  step  did  not  appear  necessary  at  the 
time.  Some  time  later,  Professor  Rutlierford  supplied  part 
of  the  medium  (10"*  "^  per  c.c.)  solution  to  Dr.  Boltwood,  and 
on  this  standard  their  joint  results  depended.  The  advantage 
of  using  this  standard  was  obvious,  as  it  would  presumably 
place  in  agreement  the  results  obtained  at  Montreal  and  New 
Haven. 

In  January,  1906,  when  the  discrepancy  before  mentioned, 
concerning  the  amount  of  radium  in  uraninite,  was  discovered, 
the  writer  examined  the  standard  solutions  which  had  been 
prepared  ten  months  previously.  On  drawing  off  one-half  of 
the  strongest  solution,  placing  it  in  a  clean  bottle,  sealing  it, 
and  testing  it  when  in  equilibrium,  it  was  found  that  the 
activity  in  the  new  bottle  was  only  about  one-half  that  remain- 
ing in  the  old.  It  was  proved  beyond  doubt  that  the  total 
amount  of  radium  in  the  bottle  was  correct,  but  that  the 
radium  was  not  all  in  solution,  the  water  containing  only  fifty 
per  cent  of  the  total  radium  present. 

As  soon  as  it  was  ascertained  that  the  standards  were  no 
longer  correct.  Dr.  Levin  and  tlie  writer  weighed,  with  dif- 
ferent weights  and  balances,  S'Gd""^  of  radium  bromide,  from 
the  supply  which  Professor  Kutherford  found  gave  a  heating 
effect  or  110  gram-calories  per  gram  per  hour.  The  results  of 
the  two  weighings  were  in  excellent  agreement,  and  the  crys- 
tals were  then  sealed  in  a  test  tube  in  the  solid  state  to  serve 
as  a  standard  for  future  use.  A  smaller  crystal  was  also  sealed 
in  a  phial  and  compared  with  the  new  standard  by  the  7-ray 
test.  The  activity  rose  slightly  during  the  ensumg  month, 
and  was  finally  found  to  be  that  due  to  -27"*  of  raaium  bro- 
mide. This  was  verified  with  various  electroscopes,  and  under 
diverse  conditions  as  regards  screens  and  distances.  It  was 
now  possible  to  redetermine  the  amount  of  radium  in  the  kilo- 
gram of  pitchblende,  and  the  correct  value  was  equivalent  to 
•32"*  of  radium  bromide  per  kilogram  of  uraninite. 

On  receipt  of  the  small  crystal  Dr.  Boltwood  found  that  his 
original  solution  was  one  hundred  per  cent  too  weak,  and  on 
redetermining  the  amount  of  radium  present  in  the  pitch- 
blende his  result,  using  the  emanation  method,  was  "SI"'*  of 
radium  bromide  per  kilogram  of  the  sample  of  uraninite  tested. 
The  results  obtained  by  these  two  distinct  methods  are  thus  in 
close  agreement. 

From  first  to  last,  the  methods  used  and  the  measurements 
made  by  all  concerned  appear  to  be  correct,  but  errors  arose 
because  the  radium  bromide  in  the  original  solutions  was  in 
some  way  deposited  on  the  sides  and  bottom  of  the  vessels 
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containing  the  solutions.  This  precipitation  would  probably 
have  been  avoided  if  some  hydrochloric  acid  had  been  added 
in  the  first  instance. 

The  preparation  of  standards  is  a  difficult  matter.  Kadiura 
is  costly ;  small  quantities  only  are  available ;  it  is  difficult  to 
insure  purity,  while  the  weighing  of  small  quantities  is  trouble- 
some. It  appears  desirable  to  keep  two  radium  standards,  one 
in  the  state  of  solution  and  the  otner  in  the  solid  state.  The 
two  standards  can  be  compared  together  by  their  7-ray  effects 
from  time  to  time. 

Snmmary, 

1.  Radium  E,  which  Eutherford  proved  to  give  /8-rays, 
appears  to  give  no  7-rays.  More  probably  the  7-rays  are 
present,  but  like  those  of  uranium  they  are  weak  and  readily 
absorbed.  The  very  penetrating  radiation  from  Joachimsthal 
uraninite  can  be  entirely  attributed  to  radium  C. 

2.  Standard  solutions  of  radium  bromide,  unless  some  acid 
such  as  HCl  is  present,  attack  or  adhere  to  the  glass  of  the 
vessel  in  which  they  are  contained,  and  become  unreliable. 

3.  It  appears  desirable  to  control  the  standard  solutions  by  a 
standard  of  solid  radium  bromide  sealed  in  a  test  tube. 

4.  Measurements  of  the  radium  present  either  in  an  ore,  in  a 
solution  or  in  any  other  form,  whether  made  by  the  emanation 
method  or  by  the  7-ray  test,  are  capable  of  giving  concordant 
results. 

5.  A  correction  is  necessary  to  the  determination  by  Euther- 
ford and  Boltwood  of  the  ratio  of  the  weight  of  radium  to 
that  of  uranium  in  radio-active  minerals.  The  error  in  their 
determination  resulted  from  the  radium  standard  altering  in  an 
unexpected  manner. 

McGiU  University,  Montreal,   April,  1906. 
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by  M.  Levin. 

[Commonicated  by  Professor  E.  Rutherford,  F.R.S.] 

In  their  well  known  investigations  on  the  absorption  of 
a-particles  emitted  by  radium,  Bragg*  and  Brag^and  Kleemanf 
have  shown  that  the  a-particles  move  in  a  rectilinear  course, 
spending  their  energy  in  ionization,  until  their  velocity  becomes 
so  small  that  the}'  cease  ionizing.  They  have  further  shown,  that 
the  a-rays  possess  the  power  of  ionizing  a  gas  only  within  a 
limited  distance  from  the  source  and  that  this  distance  is  very 
sharply  defined.  The  investigation  of  the  a-ray  products  of 
radium  has  shown  that  each  of  the  four  a-ray  products  emits 
a-rays  of  the  same  range  in  air  and  the  same  initial  velocity, 
and  that  these  ranges  and  velocities  are  different  for  the  dif- 
ferent products.  Tliis  was  confirmed  by  experiments  of  Ruth- 
erford,^ who  has  shown  that  the  photographic  and  phosphor- 
escent action  of  the  a-rays  from  radium  C  ends  abruptly  at  a 
definite  distance,  and  that  the  range  found  by  these  methods 
agrees  closely  with  the  value  determined  by  Bragg  and  Klee- 
man  by  the  electric  method.  The  hypothesis  oi  Bragg  and 
Kleeman  that  the  a-particles  from  each  product  are  initially 
projected  at  exactly  the  same  velocity,  and  that  this  velocity  is 
cut  down  by  a  definite  amount  by  passing  through  different 
thicknesses  of  uiatter,  has  been  completely  confirmed  by 
direct  experiment  by  Rutherford. 

Since  the  a-particles  emitted  by  a  thick  layer  of  radio-active 
matter  of  one  kind  come  from  different  depths,  the  particles 
which  escape  into  the  air  move  at  different  velocities.  For  this  rea- 
son it  is  advisable  to  work  with  very  thin  films  of  radio-active 
matter.  As  the  active  deposits  from  radio-active  emanations  are 
deposited  on  bodies  in  infinitely  thin  layers,  they  represent  ideal 
sources  of  rays  for  this  kind  of  experiment.  Thus  the  range  of 
radium  C  was  measured  by  McClnngg  by  using  as  a  source 
of  a-rays  a  wire  which  had  been  exposed  to  the  radium  emana- 
tion, and  in  the  same  way  Hahnjj  has  recently  found  the  ranges 
of  thorium  B  and  thorium  C.  Bragg  pointed  out  in  his 
first  paper  that  polonium,  for  the  same  reason,  should  be  a 
very  convenient  source  of  a-rays,  as  it  can  be  obtained  in  a  very 
thin  layer  on  a  bismuth  plate. 

The  object  of  the  present  experiments  was  to  determine 
accurately  the  range  in  air  of  the  ionization  of  the  particles 
from  polonium.  As  the  a-rays  emitted  by  each  a-ray  product 
have  each  a  definite  and  distinct  range  in  air,  the  range  of  the 

♦Phil.  Mag.,  Dec.  1904. 

f  PhU.  Mag.,  Dec.  1904,  Sept.  1905,  Nov.  1905,  Apr.  1906. 

X  PhU.  Mag.,  July  1905.      §  Phil.  Mag.,  Jan.  1906.       |  Phil.  Mag.,  1906. 
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a-particles,  like  the  period  of  transformation,  is  a  characteristic 
constant  of  each  product,  and  the  accurate  knowledge  of  these 
ranges  seems  to  be  of  importance  at  the  present  state  of  our 
knowledge  of  radio-active  transformations.  It  was  also  of  inter- 
est to  examine  the  ionization  due  to  the  a-rays  of  polonium  at 
different  distances  from  the  source  in  order  to  see  if  it  emitted 
only  one  type  of  a-rays.  A  similar  examination  of  the  active 
deposit  of  thorium  by  Hahn*  had  disclosed  the  unexpected 
fact  that  two  different  a-ray  products  were  present  instead  of 
one,  as  was  previously  supposed. 

For  the  experiments  a  bismuth  rod,  coated  with  a  thin  film 
of  polonium  (radio-tellurium),  obtained  from  Sthamer  of  Ham- 
burg, was  used. 

Measurements  by  the  Scintillation  Method, 

First  the  range  in  air  of  the  a-particles  was  measured  by  the 
scintillation  method  in  the  usual  way.  The  active  rod  was 
placed  beneath  a  zinc-sulphide  screen,  and  the  distance  at 
which  the  scintillations  just  disappeared  was  measured.  Sev- 
eral layers  of  aluminium  foil,  each  of  about  the  thickness 
of  •0003'^°',  were  placed  above  the  rod  and  the  range  again 
measured.  The  results  of  one  series  of  experiments  are  given 
in  Table  I. 

Table  I. 

Distance  between 
rod  and  screen 
in  centimeters. 

3-78 

3-29  -47 

2-78  -50 

2-30  -49 

1-84  -48 

1-35  -49 

•82  -40 

•32  -50 


Number  of 
alnminitim  foUs. 

0 
1 
2 
3 
4 
5 
6 
7 


Centimeters  of  air 
corresponding  to 
one  layer  of  foil. 


Mean  ^49 


Thus  the  range  of  the  a-particles  in  air  is  3'78^™.  By  plot- 
ting the  numbers  of  layers  as  abscissae  and  the  ranges  as  ordi- 
nates,  one  obtains  approximately  a  straight  line.  This  line 
meets  the  axis  of  ordinates  a  little  higher  than  the  value 
obtained  by  experiment,  if  no  aluminium  foil  is  used,  the  value 
found  in  this  way  being  3^82.  In  another  series  of  experiments, 
using  other  samples  of  aluminium  foil,  each  corresponding  in 
stopping  power  to  about  •5o'"'  of  air,  the  values  found  for  the 
range  in  air  were  3*76  and  3^79'^'*.  Adams  has  given  an 
accoimt  of  similar  measurements  with  several  gases  before  the 

»L.  c. 
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meeting  of  the  American  Physical  Society  in  December,  1905. 
A  short  abstract  of  his  results  appeared  in  the  Physical  Review, 
but  no  numbers  were  given. 

Measurements  by  the  Electrical  Method, 

The  apparatus  used*  for  these  experiments  was  quite  similar 
to  that  used  by  Bragg  and  Kleeman.  A  metal  box  contained 
the  ionization  chamber  and  the  polonium  rod.  The  chamber 
consisted  of  two  insulated  plates  about  'SO*^  apart,  the  upper 
plate  being  connected  witli  the  electrometer  and  the  lower 


Ionization. 

plate  of  wire  gauze  with  the  battery.  The  polonium  rod  was 
placed  in  a  little  groove  made  in  a  lead  blocK  and  was  covered 
with  a  lead  plate  about  •6'^'"  thick  having  a  circular  hole  of  •4'^" 
diameter  passing  vertically  through  it.  The  lead  block  was 
placed  inside  the  vessel  on  an  upright  support,  which  could  be 
moved  vertically.  The  cone  of  rays  issuing  from  the  opening 
in  the  lead  plate  was  sufficiently  narrow  so  that  its  cross-section 
never  covered  the  whole  surface  of  the  ionization  chamber. 
The  saturation-current  ])roduced  in  the  ionization  chamber  was 
measured  for  different  distances  between  tlie  polonium  rod  and 
the  wire  gauze. 

The  ionization  of  the  rays  in  air  at  different  distances  from 
the  source  was  first  investigated.  The  results  are  shown  in 
figure  1,  where  the  ordinates  represent  the  distance  from  the 
upper  surface  of  the  rod  to  tiie  gauze  in  centimeters,  the 
abscissae  the  ionization  measured  in  arbitrary  units. 

*  I  am  indebted  to  Dr.  Halm  for  his  kindness  in  aUowing  me  to  use  the 
experimental  arrangement  which  he  had  previously  employed  in  his  deter- 
minations of  the  range  of  the  a-rays  from  the  products  of  thorinm  and 
actinium. 
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The  shape  of  the  curve  is  very  similar  to  that  obtained  by 
Bragg  and  Kleeman  for  the  a-rays  from  a  thin  film  of  radium 
and  by  McClung  for  a  thin  film  of  radium  C.  The  ionizing 
power  of  the  a-particle  steadily  increases  with  the  distance, 
passes  through  a  well-marked  maximum  and  then  rapidly  falls 
ofF.  In  the  experiments  the  ionization  chamber  had  a  depth 
of  5""  as  stated  above,  and  the  cone  of  rays  was  not  very  nar- 
row. The  ionization  per  centimeter  of  path  consequently 
appears  to  fall  off  more  slowly  than  would  oe  observed  with  a 
shallower  ionization  chamber  and  a  very  narrow  cone  of  rays. 


Ionization. 


Figure  2  shows  the  curves  obtained  when  the  rod  was  cov- 
ered with  different  layers  of  aluminium  foil,  the  numbers  of 
the  curves  giving  in  each  case  the  number  of  layers  of  alumi- 
nium foil  employed. 

It  is  seen  from  the  curves  that  the  interposition  of  a  sheet  of 
aluminium  foil  does  not  at  all  alter  the  general  shape  of  the 
curve,  but  that  the  effect  of  the  screen  is  to  lower  the  ioniza- 
tion curve  by  a  definite  distance  corresponding  to  the  equiva- 
lent in  air  of  the  stopping  power  of  the  aluminium  screen. 
The  amount  of  the  maximum  ionization  is  not  affected  by  the 
absorption  of  the  a-rays  in  the  aluminium  foil,  thus  agreeing 
with  the  view  of  Bragg,  that  the  a-rays  are  not  absorbed 
according  to  an  exponential  law,  but  that  the  whole  number 
of  a-particles  passes  the  aluminium  sheet,  their  velocity  all 
being  diminished  by  a  definite  amount. 

In  Tables  II  and  III,  the  distances  between  the  rod  and  the 
lower  plate  of  the  ionization  chamber  are  given,  for  which  the 
a-particle  begins  ionizing. 
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Table  II. 

Distance  in  air 

Nnmber  of 

Distance  in 

corresponding  to 

alnminium  foils. 

centimeters. 

one  aluminium  foil 

0 

3-87 

1 

3-37 

•50 

2 

2-84 

•51 

3 

2-33 

•51 

4 

1-83 

•61 

Mean 

•61 

Table  III. 

Distance  in  air 

Number  of 

•Distance  in 

tsorresponding  to 

alnmminm  foils. 

centimeters. 

one  aluminium  foil 

0 

3-85 

1 

3-36 

•49 

2 

2-86 

•48 

3 

2-35 

•50 

4 

1-82 

•50 

Mean 

•49 

The  break  in  each  of  the  curves  is  very  sharply  marked,  so 
that  the  point  where  the  ionization  begins  could  be  obtained 
from  the  curves  with  an  error  of  about  •2°"".  There  is,  however, 
a  little  uncertainty  about  the  actual  values,  because  the  gauze 
could  not  be  obtained  quite  plane.  The  mean  of  these  experi- 
ments gives  the  range  of  the  a-particles  of  polonium  to  be 
3.ggcm  q^i^g  average,  from  the  scmtillation  measurements,  is 
3*77,  and  from  the  extrapolated  values  3*81. 

Wigger*  found    that  the  ionization  due  to  the  a-rays  of 

f)olonium  extended  in  air  to  a  distance  of  about  4*^".  He  used, 
lowever,  a  large  plane  surface  of  i)olonium  as  a  source  of  rays 
and  did  not  obtain  the  ionization-aistance  curve,  for  which,  as 
we  have  seen,  a  definite  narrow  cone  of  rays  must  be  employed. 

Using  the  a-rays  of  radium  as  a  source,  Bragg  has  shown, 
that  the  stopping  power  of  the  a-particle,  passmg  through  an 
atom,  is  proix)rtional  to  the  square  root  of  the  atomic  weight. 
Adams  (loc.  cit.)  states  that  he  has  verified  the  law  with  the 
a-rays  of  polonium,  using  the  scintillation  method.  As  the 
scintillation  and  electrical  method  give  probably  identical 
results,  there  was  no  object  to  be  gained  in  determining  by  the 
electrical  method  the  range  of  the  a-rays  of  polonium  in  other 
gases  besides  air. 

The  results  of  this  investigation  have  shown,  that  polonium 
is  a  homogeneous  source  (»f  a-rays,  and  that  the  a-particles  are 
initially  projected  with  the  same  velocity.  The  range  in  air 
of  the  a-particles  is  3*80''™,  which  is  slightly  greater  than  the 
range  of  the  a-particles  (3-50^™)  of  radium  itself,  but  much  less 
than  that  for  the  a-partieles  from  radium  C  (range  7*06'™). 

I  wish  to  express  my  best  thanks  to  Professor  Rutherford 
for  the  kind  interest  he  took  in  this  work,  and  for  the  advice 
received  from  him. 

McDonald  Physics  Building,  McGill  University, 
Montreal,  20  May,  1906. 

*  Jahrbuch  der  Bad\o.akt\v\l\ii\L,  u,  ^<^\, \^^« 
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^RT.  IV. —  The  Thermal  Constants  of  Acetylene ;  by  W.  G. 

Mixter. 

Contribations  from  the  Sheffield  Chemical  Laboratory  of  Yale  University.] 

Some  years  ago  the  writer  observed*  that  the  thermal  eon- 
jtants  of  acetylene  found  by  diflEerent  observers  varied  widely, 
md  that  his  result  for  the  heat  of  dissociation  of  the  gas  was 
ionsiderably  higher  than  the  calculated  value.  It  was  evident 
:hat  a  complete  investigation  of  the  matter  involved  a  study  of 
;he  components  of  acetylene.  Accordingly  the  heat  of  com- 
bustion of  hydrogen  was  determined.f  The  results  of  Thomsen, 
SchuUer  and  Wartha,  Than,  and  the  writer  gave  a  value  with 
[)robably  a  small  error.  The  heat  found  on  burning  acetylene 
3arbon:[:  was  about  two  per  cent  higher  than  that  of  the  ordinary 
forms  of  amorphous  carbon.  The  thermal  constant  of  this 
illotrope  of  carbon  is  essential  in  calculating  the  heat  of  disso- 
ciation of  acetvlene. 

For  the  thermal  work  on  carbon  acetylene  carbon  was  pre- 
pared with  care,  and  at  the  same  time  new  determinations  of 
the  heat  of  dissociation  of  acetylene  were  made.  The  bomb 
used  was  similar  to  the  one  described  in  the  paper  on  carbon 
but  with  electrodes  in  the  upper  end  of  the  stem.  Both  bombs 
were  alike  in  external  volume  and  surface.  One  bomb  was 
(illed  with  pure  hydrogen  and  exhausted  and  counterpoised  by 
the  other  bomb  and  the  needed  weights.  Then  it  was  filled 
with  dry  acetylene  from  carbide  ana  at  a  pressure  of  ten  or 
twelve  atmospheres.  Next  100^^  of  the  gas  in  the  bomb  were 
passed  into  a  eudiometer  and  the  acetylene  determined  by 
means  of  ammoniacal  cuprous  chloride.  It  varied  in  the  different 
experiments  from  98*6  to  99  per  cent.  Finally  the  weight  was 
noted.  The  water  equivalent  of  the  calorimeter  was  found  as 
described  in  the  paper  on  carbon. 

Experiment  1. — Acetylene,  6*3162  grams;  water,  3160*0 
^ams ;  water  equivalent  of  calorimeter,  285*2  grams ;  water 
equivalent  of  hydrogen  and  carbon  formed,  2*1  grams.  Total, 
3447*3  grams. 

Temperature  interval. 

21-995  — 18*21 +0*01=3*775° 
Heat  observed,  3447*3  X  3*775  =  130U<^ 
For  1  gram  of  acetylene  2060*^ 


Ifinntes, 

Temperature. 

0 

18-204 

1 

18*207 

2 

18-210 

3 

21*8 

4 

21*9 

5 

31*97 

6 

21-977 

7 

21*975 

8 

21-973 

9 

21-970 

10 

21-966 

11 

21-962 

♦  This  Journal,  xii,  347,  1901.       +  Ibid.,  xvi,  214.       %  Ibid.,  xix,  434. 
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Experiment  2, — Acetylene,  6*4419  grams ;  water  and  water 
equivalent,  3482'2  grams. 

MinntcB.  Temperature.                            Temperature  interval. 

0  18-201 

1  18-203 

2  18-206  22039— 18-209-f-O-Oll  =3-841° 

3  18-209 

4  21-6  Heat  observed,  3482-2  X  3841  =  1 3375° 

5  22-0 

6  22-044  For  1  gram  of  acetylene               2076° 

7  22-042 

8  22-039 

9  22-036 

10  22034 

11  22-031 

12  22028 

Experiment  3, — Acetylene,  6*1254  grams;  water  and  water 
equivalent,  3484*9  grams. 

Minutes.          Temperature.  Temperature  interval. 

0  18-333 

1  18-337 

2  18*340  21-982 -18-34 -f-0*008  =  3*65° 

3  21*8 

4  21-9  Heat  observed,  34849x3-65  =  12720° 

5  21*984 

6  21-984  For  1  gram  of  acetylene               2077° 

7  21-982 

8  21-980 

9  21-978 

10  21-976 

11  21*974 

The  mean  temperature  in  these  experiments  was  20*12®. 
The  average  of  the  results,  2060,  2076  and  2077,  is  2071  for  the 
heat  of  dissociation  of  one  gram  of  acetylene  at  20*^  and  in  terms 
of  the  water  calorie  at  this  temperature.  For  the  gram  mole- 
cule, 26*016,  it  is  53879.  This  figure  is  one  per  cent  higher  than 
that  found  in  the  earlier  experiments  and  carries  a  greater 
weight  on  account  of  somewhat  improved  apparatus. 

Heat  of  Combfistion  of  Acetylene. 

The  acetylene  used  was  made  from  carbide  and  collected  over 
water  containing  ferrous  hydroxide  to  absorb  oxygen.  The 
bomb  was  filled  and  the  percentage  of  acetylene  in  the  gas 
determined  as  already  described,  and  the  usual  precautions 
were  taken  tor  finding  the  volume,  temperature,  and  pressure 
of  the  gas.  The  density  of  acetylene  adopted,  0*0011687,  was 
derived  from  the  molecular  weight,  26-016,  and  the  density  of 
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hydrogen  at  the  latitude  of  New  Haven.  The  oxygen  used 
was  free  from  water,  hydrogen,  and  carbon  compounds,  con- 
taining, however,  about  one  per  cent  of  nitrogen.  After  each 
of  the  calorimetric  tests  the  silver  dissolved  as  nitrate  was  pre- 
cipitated as  chloride.  The  amount,  however,  was  so  slight  that 
no  correction  was  made  for  the  oxidation  of  nitrogen. 

To  Professor  H.  A.  Bumstead  the  writer  is  indebted  for  the 
following  method  of  reducing  the  results. 

The  general  formula  for  reducing  the  heat  of  combination, 
found  under  the  condition  of  constant  volume,  and  between 
the  temperatures  t^  and  t^  to  that  found  at  0°  and  under  con- 
stant pressure,  is  easily  obtained  by  imagining  the  mixed  gases 
to  be  carried  through  two  different  processes  from  the  same 
initial  state  to  the  same  final  state,  and  equating  the  losses  of 
energy  in  the  two  processes. 

I^^irst  Process.  — M  grams  of  mixed  gases  ^tp^^t^  are  cooled 
and  compressed  or  expanded  to  p^fi^.  By  Joule's  law  energy 
given  out  is  MC^^j  where  C^  is  the  sp.  ht.  (const.-vol.)  of  tne 
mixed  gases.     It  is  then  burned  at  constant  pressure,  jy^i  giving 

3 
out  Q  calories,  its  volume  simultaneously  diminishes  by  ^  V^, 

and  work  is  done  upon  it  equal  to  —  ^-^—- ^  calories. 

3  »  V 
.-.  Loss  of  energy  =  Q  -f  MC,/^—  -  ^-y-^ 

7       J 
4 
Final  state  is  (/?^,  — V„,  0). 

Second  Process. — M  grams  are  burned  at  const,  vol.  Vj, 

temperature  rising  from  t^  to  t  giving  out  Q'  calories;  we  have 

now  to  reduce  the  mixture  of  CO,,  water  and  water  vapor,  to 

4 
/>.,  ^-V^,  0°  to  bring  it  to  the  same  final  state  as  by  the  previous 

process.  No  matter  what  the  details  of  the  process,  the  energy 
given  out  by  the  CO,  in  this  operation  will  be  (Joule's  law) 
mcvt ;  where  m  and  c?„  are  the  mass  and  specific  heat  of  CO,. 
We  may  therefore  consider  the  water  vapor  separately.  Sup- 
pose it  first  compressed  at  constant  temperature  t  until  it  is 
wholly  condensed ;  the  work  done  on  the  vapor  will  be 

-^  calories 

when  TTt  is  the  pressure  of  water  vapor  at  t^.  The  latent  heat 
given  out  will  be  cr<L|V,  where  a^  and  L|  are  the  density  and 
latent  heat  per  unit  mass  at  t  Let  the  water  now  be  cooled 
to  0  degrees ;  the  heat  given  out  is  7nJ,^  where  in^j  is  the  mass 
of  the  water  formed. 
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Total  energy  given  out  is 

Hence 

For  reducing  from  0°  to  18°  at  constant  pressure  we  have 

Q"  =  Q  +  ^IQpt—mc^f.—mxcL 
Q"  =  Q-178. 

The  specific  heats  of  the  gases  used  in  the  calculations  were 
the  following :  Acetylene,  0*3  p.  c,  0'2  v.  c. ;  carbon  dioxide, 
0*2  p.  c,  0*15  V.  c. ;  oxygen,  0*21  p.  c,  0-15  v.  c.  The  specific 
heat  of  acetylene  has  not  been  determined,  and  it  is  assumed  to 
be  the  same  as  that  of  benzol  vapor. 

Ecperhnent  Ji,.—G2iii,  569-3^'^^  at  20*6°  and  756-2"""  pressure; 
gas,  98*95  per  cent  acetylene ;  weight  of  acetylene,  0*6091 
gram;  water  and  water  equivalent  of  calorimeter,  3249*3 
grams ;  oxygen,  3*3  grams. 

Minutes.  Temperature.  Temperature  interval. 

•    0  18-304 

1  18-308  20-552  — 18-312  =  2-24° 

2  18-312 

3  20-5  Observed  heat,  3249-3  X  2-24  =  7278-5* 

4  20-54 

5  20-547 

6  20-550 

7  20-552 

8  20-552 

9  20-551 

10  20-553 

11  20-553 

^,      7278-5X26-016        «,^«,^ 

Q'  = — =  310880 

^  0-6091 

MC,.«  =     —315 

^--%    °  =  810 

mc,,t  =         271 


i^(crA-j^) 


=  253 


mj  =         370 


'tc 


Q  =  312269^ 
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Btperiment  5.— Gas,  569-3"  at  20*9°  and  760-8"*'"  pressure ; 
gas,  98*1  per  cent  acetylene;  weight  of  acetylene,  0*6069 
gram ;  water  and  water  equivalent  of  calorimeter,  3113*1 
grams ;  oxygen,  3*1  grams. 

Temperature  interval. 


22*701  —  20*273  +  0*006  =  2*334* 

Observed  heat,  3113*1X2*334  =  7266^ 

From   these   data   we   have   for   the 
value  of  Q=312895^ 


Minutes. 

Temperature. 

0 

20-372 

1 

20373 

2 

22  5 

3 

22-6 

4 

22*701 

5 

22*701 

6 

22-701 

7 

22-699 

8 

22-698 

9 

22-696 

10 

22*695 

Experiment  ^.— Gas,  569*6^^  at  20*5°  and  757*8°*'"  pressure  ; 
gas,  98*5  percent  acetylene ;  weight  of  acetylene,  0*6084  gram ; 
water  and  water  equivalent  of  calorimeter,  3231*3  grams ; 
oxygen,  3*4:  grams. 


inutes. 

Temperature. 

Temperatur 

0 

19*348 

1 

19-349 

2 

19350 

21-597-19 

3 

21-5 

4 

21-57               Observed  heat,  323 

5 

21*599 

6 

21*599 

7 

21*597 

8 

21*593 

9 

21*591 

10 

21*588 

11 

21*587 

12 

21*585 

13 

21-583 

• 

The  results  are  as  follows : 

No.  of  Exp. 

Calories 

4 

312269 

5 

312895 

6 

313401 

Average 

312855 

Q  =  313401* 


This  is  for  the  heat  of  combustion  of  26*016  grams  of  acety- 
lene at  constant  pressure  at  0°,  and  at  18°  it  is  312677.  The 
results  of  the  earlier  work  reduced  bv  Professor  Eumstead's 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXII,  No.  127.— July,  1906. 
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equation  gave  an  average  of  312990.  Little  significance  is, 
however,  attached  to  the  latter  figure  as  the  experiments  from 
which  it  is  derived  showed  differences  as  great  as  1*6  per  cent. 
Comparing  the  heat  of  combustion  of  acetylene  with  that  of 
its  components  phis  the  heat  of  dissociation  we  have : 

Calories 

Heat  of  combustion  of  2 '01 6  grams  of  hydrogen,  68440 

24  "  acetylene  carbon,  189456 

dissociation     26*016      "  acetylene,  538V9 


311775 

Heat  of  combustion  of  26  01 6  grams  of  acetylene,  312677 

Difference,  902 

Since  the  explosions  of  acetylene  under  pressure  and  of 
mixtures  of  this  gas  and  oxygen  are  among  the  most  violent 
chemical  changes  known,  producing  a  temperature  of  2700^  or 
higher,  the  question  arises,  Is  there  any  atomic  disintegration 
by  which  radio-active  gases  are  produced?  The  calorimetric 
results  do  not  indicate  that  any  thermal  effect  is  due  to  such 
change.  The  products  of  explosions  were  therefore  tested  in 
an  electroscope  similar  to  the  one  described  by  Professor  Bolt- 
wood.*  The  fall  of  the  gold  leaf  was  observed  with  a  micro- 
scope. The  experiments  were  as  follows:  Acetylene  gas 
collected  over  unboiled  tap  water  caused  a  slightly  greater  leak 
than  air,  as  might  be  expected,  since  the  waters  of  tliis  locality 
contain  a  radio-gasf.  Accordingly  gas  from  carbide  was  col- 
lected over  water  which  had  been  boiled  an  hour  or  two. 
Acetylene  containing  a  trace  of  phosphoretted  hydrogen  caused 
no  greater  leak  than  air.  The  hydrogen  resulting  from  an 
explosion  of  such  gas  under  pressure  contained  a  phosphorus 
compound  and  gave  rather  more  leak  than  air.  When,  how- 
ever, the  acetylene  was  free  from  phosphoretted  hydrogen  the 
hydrogen  it  yielded  gave  the  normal  leak.  Repeated  tests 
made  with  the  gas  remaining  after  the  explosion  of  a  mixture 
of  acetylene  and  oxygen  gave  negative  results.  Freshly  pre- 
pared acetylene  carbon  produced  in  two  experiments  more  than 
the  normal  leak  but  the  effect  W6ts  slight.  This  may  have  been 
due  to  ionization  of  the  air  caused  by  chemical  change  such 
as  the  oxidation  of  the  hydrocyanic  acid  adhering  to  the  carbon. 

In  conclusion  it  may  be  stated  that  no  indication  was  found 
of  atomic  disintegration  or  energy  resulting  except  from  ordi- 
nary change. 

♦  This  Jonmal,  xviii,  97.  f  Biimstead,  Ibid.,  xvii,  97. 
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Abt.  V. — A  Modification  of  the  Ldsaulx  Method  for  Observ- 
ing Interference  Figures  under  the  Microscope  /  by  Feed 
Eugene  Wbight. 

Of  the  many  plans  which  have  been  proposed  for  adapting 
the  microscope  to  observations  in  convergent  polarized  light 
the  method  of  Lasaulx  is  probably  the  best  and  is  in  general 
use  by  petrologists  at  the  present  time.  His  mode  of  pro- 
cedure consists  in  observing  the  image  of  the  interference 
figure  directly,  as  it  is  brought  to  focus  by  the  high  power 
objective  alone,  without  the  aid  of  ocular  and  compensating 
lens.  The  interference  figures  thus  produced,  when  compared 
with  those  obtained  by  other  methods,  are  smaller  but  more 
distinct  and  brighter  and  therefore  better  suited  to  general 
work.  The  weak  point  of  the  method  is  the  time  Tost  in 
removing  and  replacing  the  ocular  for  each  observation  and 
the  annoyance  caused  thereby. 

-  The   following    device   has    been 

^  constructed  to  obviate  this  diflSculty 

by  reflecting  the  light  rays  to  one 
side  of  the  ocular,  as  shown  in  the 
diagram  (fig.  1),  and  has  been  found 
in  practice  to  answer  the  purpose 
well.  In  the  writer's  microscope  the 
small  reflecting  apparatus  fits  in  a 
narrow  slot  in  the  microscope  tube 
between  the  base  of  the  ocular   in 

f)06ition  and  the  iris  diaphragm  and, 
ike  the  upper  nicol  prism,  can  be 
inserted  or  drawn  out  at  will.  The 
mechanical  construction  of  the  device 
is  so  simple  that  a  good  mechanic 
can  make  it  without  trouble.  It  has 
been  observed  that  the  loss  of  light 
on  reflection  is  not  suflScient  to 
decrease  the  brilliancy  of  the  inter- 
ference phenomena  appreciably. 

With  this  appliance  attached  to  the 
microscope  the  passage  from    plane 
Vertical  section  of  upper  parallel  to  convergent  polarized  light 

K^BiSrorXc*S^gth:„-  >>  ««.%  effected  by  inserting  the  re- 


SP^'^^ 


inserted.     O,  ocular;    R.  A.^ 
reflecting  apparatus ;   B.    L. 

rsition  for    Bertrand    lens 
D.y  iris  diaphragm. 


fleeting  apparatus  and  observing  then 
the  interference  phenomena  at  one 
side  of  tlie  ocular.  The  ocular  re- 
mains thereby  in  place  and  practically 
no  time  is  wasted  during  the  operation. 

Sliding  Stop  Diaphragms  as  Substitutes  for  the  Iris  Diaphragms 

in  Petrographic  Microscopes, 

In  microscopic  work  it  has  been  found  by  petrolo^kt«»  t\\^\. 
many  optical  phenomena  are  rendered  more  api^«k.T^wXi\i^  ^^^ 
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use  of  diaphragms  both  below  and  above  the  condenser  and 
objective  lens  systems  of  the  microscope;  that,  by  closing 
gradually  the  lower  iris  diaphragm  not  only  is  the  definition 
improved  but  also  methods  based  on  the  relative  refractive 
indices  of  adjacent  mineral  sections,  as  the  Becke  line  method, 
are  materially  bettered  ;  and  that,  by  closing  the  upper  dia- 
phragm in  like  manner,  interference  figures  in  convergent 
polarized  light  can  be  observed  from  minute  mineral  plates 
which  would  be  otherwise  totally  obscured  by  surrounding 
minerals.  Ordinary  petrographic  microscopes,  however,  are 
not  fitted  w4th  such  ins  diaphragms  and  the  observations  suflfer 
accordingly. 

The  following  sliding-stop  diaphragms  have  been  used  as 
substitutes  for  the  iris  diaphragms  and  are  of  such  nature  that 
anyone  with  mechanical  ability  can  construct  similar  ones  for 

2  any  given    instrument.     The 

upper  stop  diaphragm  (fig.  2) 
is   made   of  brass  similar  in 
general  outline  to  that  of  the 
Bertrand   lens, — the  observa- 
C    tions  in  convergent  polarized 
Sliding-stop  diaphragm— a  substi-  light   being   made    after   the 
tute  for  the  upper  iris  diaphragm  of  Lasaulx  method,  either  by  re- 

a  petrographic  microscope.  ^^^^.j^^^    ^,^^    OCular  or   by  USe 

of  the  reflecting  apparatus  described  above.  The  stop  dia- 
phragm consists  of  two  parts;  A,  the  body,  which  is  so  con- 
structed that,  when  inserted,  the  drilled  hole  occupies  the 
center  of  the  field  and  provides  thereby  one  stop ;  and  B,  a 
thin  strip  of  brass  which  fits  in  wedge-shaped  grooves  milled  in 
A  and  into  which  the  remaining  stops  are  drilled.  A  short 
screw  C  provides  a  simple  handle  by  which  to  grasp  the  appar- 
atus. In  actual  practice  the  mineral  section  to  be  tested  should 
first  be  sharply  focussed  and  centered,  the  stop  diaphragm 
then  inserted  and  by  means  of  an  appropriate  aperture  the  light 
from  all  other  minerals  in  the  section  shut  off,  after  which 
the  observations  in  convergent  polarized  light  can  be  made. 

The  lower  stop  diaphragm  is  of  still  simpler  construction 
and  consists  of  a  strip  of  brass  with  variable  sized  stops  not 
unlike  those  of  the  above  apparatus.  The  strip  is  fitted  into, 
and  guided  by  two  wedge-shaped  pieces  of  brass  screwed  to 
the  lower  end  of  the  cylinder  containing  the  lower  iiicol. 
The  lower  stop  diaphragm  has  been  found  particularly  useful 
in  the  application  of  the  refractive  liquid  method  to  mineral 
fragments.* 

Geophysical  Laboratory, 
Carnegie  Institute,  Washington,  D.  C. 

♦Compare  Tschermak's  Miner,  petr.  Mitteil.,  1901,  xx,  pp.239  and  251. 
Strips  of  thin  cardboard  with  appropriate  perforations  can  be  used  as  tem- 
porary substitutes  for  both  iris  and  sliding  stop  diaphragms. 
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Art.  VI. — Datolite  from  Westfield^  Massachusetts  ;  by  E.  H. 

Kraus  and  C.  W.  Cook. 

Several  months  since,  the  Mineralogical  Laboratory  of  the 
University  of  Michigan  purchased  from  Ward's  Natural 
Science  Establishment  of  Kochest^r,  N.  Y.,  an  excellent  suite 
of  datolite  crystals  from  Westfield,  Mass.  At  that  time, 
crystals  of  datolite  from  this  locality  had  not  been  described, 
and  it  was  therefore  decided  to  carry  out  a  chemical  and 
crystallographical  investigation  of  the  same.  Recently,  how- 
ever, Whitlock*  described  several  datolites  from  this  locality. 
Whitlock  confined  himself  to  a  crystallographic  study  of  these 
interesting  crystals,'  and  since  our  investigations  not  only  cor- 
roborate many  of  his  observations,  but  also  give  some  additional 
facts,  we  have  thought  it  wise  to  present  the  same  in  detail. 

Crystallography. — The  original  purchase  consisted  of  six- 
teen crystals  varying  from  an  half  to  an  inch  and  an  half  in 
diameter.  Subsequently  fifteen  others  were  added,  so  that 
thirty-one  crystals  from  this  locality  are  now  in  the  possession 
of  this  laboratory.  However,  through  the  kindness  of  Ward's 
Natural  Science  Establishment,,  all  of  the  material  in  their 
possession  was  placed  at  our  disposal,  so  that,  in  all,  forty-seven 
cr}'8tals  were  examined. 

According  to  Mr.  R.  F.  Jones,  by  whom  the  crystals  were 
collected,  the  datolite  occurs  in  the  cracks  and  crevices  of  Lane's 
Trap  Quarry,  Westfield,  Mass.,  half  way  between  Springfield 
and  Westfield.f  Most  of  the  specimens  seem  to  have  been  col- 
lected during  the  past  two  years.  All  the  crystals  are  exceed- 
ingly clear  and  transparent  and  of  such  sizes  as  to  make 
accurate  goniometric  observations  possible.  Four  distinct  types 
of  development  were  noted. 

Even  tnough  datolite  has  from  time  to  time  been  studied 
crystallographically,  there  is  still  considerable  difference  of 
opinion  as  to  the  selection  of  the  a  and  c  axes.  Although 
Hessj:  and  SchroederS  had  previously  shown  that  datolite  crys- 
tallizes in  the  monoclinic  system  instead  of  orthorhombic  as 
assumed  by  Levy,||  Hauy,T[  and  Miller,**  it  remained  for 
Dauberff  to  positively  establish  the  fact.  The  elements  of 
crystallization  obtained  by  Dauber  are  : 

a-.b:  c=l-26574  : 1  :  0-63446  /3=90°  9'. 

In  so  doing  the  form  m^p  (fig.  1)  was  assumed  as  the  unit 

♦N.  Y.  State  Museum,  BuU.  98,  19. 

+  Compare  Whitlock,  N.  Y.  State  Museum,  Bull.  98,  19. 

iPogg.  Annalen,  xciii,  880,  1854. 

^Ibid.,  xciv,  285,  1855 ;  also  xcviii,  84,  1856. 

I  Description  d*une  coUection  de  mineraux,  etc.,  pp.  179  and  182,  1838. 

IT  Dana,  System  of  Mineralogy,  6th  ed.,  1892,  505. 

•♦  Mineralogy,  1852,  408. 

ft  Pogg.  Annalen,  ciii,  116,  1858. 
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prism.  Rammekberg,*  in  establishing  the  isomorphism  be- 
tween datolite,  gadolinite,  and  euelase,  accepted  the  position 
proposed  by  Dauber  but  made  g  (fig.  1)  the  unit  prism,  whereby 
the  ratio  was  reduced  to 

0-6329  :1  :  06345. 

Groth,f  Liweh,:}:  Goldschmidt,§  and  others  have  accepted 
these  values.  Hintzel  accepts  the  statement  of  Liidecke^f  that 
this  position  is  the  more  natural  and  gives  the  simpler  indices. 
Liidecke's  argument,  moreover,  loses  its  force  when  we  con- 


sider that  seventeen  of  the  thirty  new  forms  described  by 
him  were  afterwards  shown  by  Goldschmidt**  to  belong  to 
anglesite  and  not  to  datolite,  Dana,f  f  however,  does  not  accept 
the  above  position,  but  follows  hk^yW  and  interchanges  the 
a  and  c  axes.  In  so  doing  the  values  obtained  by  Dauber  are 
taken,  so  that  the  ratio  adopted  by  Dana  is  : 

a:h\  c=0-63446  :  1  :  1-26674. 

We  agree  with  Dana  that  this  position  permits  of  a  more 
natural  interpretation  of  the  crystals  and  also  affords  the 
simpler  indices.  This  position  is,  therefore,  the  one  accepted 
by  us.  As  indicated  by  Dana,§§  the  isomorphism  existing 
between  datolite,  gadolinite,  and  euelase  can  be  shown  by  this 
position  just  as  well  as  by  the  one  adopted  by  Rammelsberg. 

The  four  types  of  development  already  referred  to  may  lie 
described  brieny  as  follows : 

Type  one  (fig.  1),  as  noted  by  Whitlock,  is  the  predomina- 
ting habit.     Thirty-four  crystals  were   found  to  possess  this 

♦Zeitschr.  der  Dentsch.  Geol.  Ges.  xxi,  807. 

f  Tabellarische  Ueberaicht  der  Mineralien,  1898,  116. 

i  Zeitschr.  ftir  Krystallographie  u.  s.  w.,  vii,  569,  1888. 

is  Index  der  Kry»tallformen  der  MineralieD,  1880,  I,  485. 
Handbuch  der  Miiieralogie,  II,  164. 
IT  Zeitschr.  ftir  Naturwisaenschaft,  Ixi,  235-404,  1888. 
*«Zeitchr.  ftir  KrystaHographie,  xviii,  280,  1890. 
tt  System  of  Mineralogy,  Gth  edition,  1892,  504  and  505. 
XX  Loo.  cit.  S$^  Loc.  cit. 
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development,   which  may  be  characterized  as  tlie  pyramidal 
habit.     The  following  forms  were  observed  on  this  type : 

a{100},*{010Uc{001},m{110(,r|230|,ojl20},/{130},ajjl02}, 
v[\OZ\y  w}104},  w^jOli;,  ^{012[,  t\0\^],  /w^j067}  (new), 
m^jOM-lO}    '        '  ^  '^  '    ""    ' 


}    (new),  n  {1111,  )3jl21},  QJ122},   villi},   b  {223}, 
[13},  ftlp4},  icjlJ5},n,{I-l-10}  (new),  M}122},  *il23(. 


a{i24},x|231},€|148},/  jl-4-lO}. 

The  pinacoid  a  |010}  is  always  present  as  a  brilliant  face. 
The  form  JjOlO}  occurs  on  about  fifty  per  cent  of  the  crys- 
tals of  this  type.  When  present,  it  appears  as  a  narrow  edge 
giving  good  reflections,  c  {001}  is  generally  very  small,  often 
giving  no  image  whatever.  The  prism  m{110|  is  usually  to 
be  observed  as  a  thin  edge  and  is  always  present,  o  \  120  \ ,  which 
is  frequently  present,  possesses  two  characteristic  outlines  (figs. 
1  and  4).  In  some  instances  it  shows  natural  etching.  It  then 
appears  as  a  very  dull  face  giving  poor  reflections.  /•5230} 
(ng.  2)  was  noted  on  several  crystals,  giving  very  good  readings. 
Z}l30|  was  observed  on  but  one  cryst^,  beveling  the  edge 
between  the  faces  v{^lV)  and  ma;(011). 

2  8 


The  negative  hemi-orthodome  a;|102|  is  the  predominating 
form  of  this  type  and  aids  materially  in  orientating  the 
crystals.  The  faces  are  often  broken  and  the  surfaces  are  more 
or  less  uneven,  and  hence  give  poor  reflections.  ^^{103}  and 
t^jl04(  were  observed  but  once  as  very  small,  narrow  edges. 
Of  the  clino-domes  ?nj.|011},  gr|012[,  and  ^{113}  are  always 
present.     Of  these  forms,  ma; {011}  is  always  large.     ^^{067} 


(fig.  3)  and  ?7i^{0*l'10}  are  new  to  datolite. 
were   observed    on    only   two    crystals, 
calculated   angles,  nevertheless,  leave   no 
identity. 

Observed. 
y   :  my    =,  (067)      :  (o67)  94°  39' 


Even  though  they 
the    observed    and 
doubt   as   to  their 


m 
m 


14    38 


Calculated. 

94°  46' 
14    *25 


m^    ==  (O-l-lO)  :  (O-l-lO) 

Of  the  pyramids,  n{lll}, /3{121},  i/{Ill},  €{112},  X{113;, 
fi|114{  are  generally  present, — ^|Ill}  usually  predominating. 
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QJ122J  is  frequently  present, — often  as  a  dull  face  giving  no 
reflection. 

b|323S,  sometimes  quite  large,  is  among  the  commonly 
observed  forms. 

MSI22;,  i\V2o\^  and  a|l24;  are  also  among  the  forms  fre- 
quently observed.  The  new  forms  €'Sl48(  and  fi'\l'^'\0\^ 
noted  first  by  Whitlock,  were  observed  on  several  crystals. 
/A'|r4-10|  gave  very  good  readings,  but  €'|I48J  was  identified 
by  zonal  relationship.     The  location  of  these  forms  is  shown 


in  figure  2.  w^jI'l'lOj  is  also  new  to  the  species.  This  form 
may  be  considered  well  established,  as  shown  by  the  following 
angles : 

Observed.  Calculated, 

m     :  w,     =  (no)     :  (I-l-lO)  76°  40'  76°  62' 

Type  two  (tig.  4)  also  possesses  a  pyramidal  habitus.  It  is 
distinguished  from  type  one  chiefly  by  the  absence  of  the  basal 
and  clino-pinacoids.  This  type  was  observed  seven  times,  pos- 
sessing the  following  forms : 

a;i00;,  ar|102!,  m^\0\\\,  /7JOI2},  mjllOj,  oJ120},  n{lll}, 
b{223l,€lll2},XlIl3i,/A{!l4(  villi  (. 

The  pinacoid  a-llOOJ  occurs  as  a  small  triangular  face  giving 
excellent  reflections.  As  in  type  one,  the  hemi-orthodome 
ajjl02{  is  the  predominating  form.  The  prisms  //i|110|,and 
<?|120|  are  always  present  though  generally  small, — o|120{ 
beveling  the  edge  between  the  faces  Kill)  and  7nJ^0\l).  Of 
the  pyramids,  €!  112  J  and  Xjll3}  present  large,  uneven  faces. 
b;223(  is  usually  dull.  The  other  pyramids  appear  as  very 
small  faces. 

Type  three  (fig.  5)  was  observed  on  four  crystals.  It  may 
be  characterized  as  possessing  a  prismatic  habitus.  All  forms 
are  well  developed, — the  following  being  noted  : 

aJlOO},  6J010!,  cJOOlf,  a;;i02;,  f;l02;,  ;/»x!01l!,  ^{012(, 
«{013;,  mjllOj,  njllli,  villi},  €lll2;,  XJ  Il3},  /aIIU}. 

The  pinacoid  a 1 100  J  is  the  predominatnig  form,  the  others 
being  quite  equally  developed.     All  faces  except  the  positive 
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.  hemi-pvramid  I'jilli  and  the  positive  hemi-ortiiudome  fSl02| 
are  bnlliant,  giving  good  reflections.  I'JIllS  appears  as  a  dull 
face  in  each  instance,  f  jl021  in  addition  to  being  dnll  was  so 
small  that  it  could  only  be  identifled  by  zonal  relatioiiehip. 
The  three  types  tlias  far  considered  show  a  marked  resem- 
blance to  the  Bergen  liill*  dalolites.  Type  three  also  simulates 
crystals  from  Toggiana.f 

Type  four  {tig.  6),  which  was  observed  on  two  well  developed 
crystals,  possesses  a  tabular  habitus.     In  some  respects  it  resem- 


bles datolite  crystals  from  the  Lake  Superior  region  described 
by  Osann.J     The  following  forms  were  noted  : 

a[100!,  *{0I0|,  cjOOlt,  mjllOj,  m^JOIl},  ^|012!,  i{01S}, 
a;|102!,  tjiioaj,  njlllj,  v|ill},  (|Il2[. 

As  may  be  seen  from  figure  6,  the  basal  pinacoidcjOOlj  is 
especially  prominent  in  this  type.  Of  the  clinodomes,  (?j012} 
predominatesj— wijjOllj  and  (1013  j  being  comparatively  nar- 
row faces.  The  orthodomes  a; J 102 1  and  u)103{  are  both  dull 
faces. 

In  all  thirty-two  forms  were  observed.     They  are  as  follows : 
Pinacoids  a|100},  6|010j,  c|001}. 
Prisms  m|100],rj23O|,  o*  120|,  /{130}. 
CliDodomes  m^jOi!  J,  j^jOI2},  m^j067|, 

({013i    »,JO-l-10i. 
Orthodomes  a;{  102|,  r;T03;,  u\\M\,  i!I02}. 
Pyramids  «|  II IJ,  j8{  l;;li,  Q;I22;, 

i'|Illi,bJJ23|,.JM2},A|Il3i, 
/iHUi,  «lil5},«JI-l-10[,  M{l22}, 
ijl23],o;I-2-li,x{'231j,  €JI48|, 
M'iI-4-10}. 
Of  these  ni^]067|,  m,;0-l-10;-,  and  «.!l-l-10!   are  new  for 
datolite. 

On  acconntof  the  excellence  of  the  various  faces,  the  observed 
angles  agree  very  closely  with  the  calculated.     The  elements 
•E.  S.  Dana,  this  Journal  (3),  iv,  418,  1872. 

JDaoa'd  SjBtem  of  Mmeralogy.  < 

Zeibfobr.  far  Krystollograpbie,  xiiv,  54S,  1895. 
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of  crystallization  for  these  crystals  diflEer  but  slightly  from 
those  usually  accepted,  as  is  shown  by  the  following : 

Westfield a  :  6  :  c=  0-63482  :  1  :  1-26567  )3  =  90°9' 

Danaf a  :  6  :  c  =  063446  :  1  :  1.26574  )3  =  90**  8|' 

The  measurements  give  the  following  results : 
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\  These  values  of  Dauber,  modified  as  indicated  on  page  22,  are  also  accepted 
by  Groth,  Goldschmidt  and  others. 
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Natural  etching  is  quite  common,  especially  on  the  pyramids 
XillSj,  /ijll4}  and  k\1\?>\  as  noted  by  Whitlock.^^  This 
phenomenon  is  also  frequently  observed  on  the  prism  o|120^j 
and  the  pyramid  )8|  121  \.  In  no  case,  however,  were  the  fijo^res 
of  sufficient  size  to  permit  an  accurate  determination  of  their 
outline. 

Chemical  Analysis.  —  For  the  chemical  analysis  one  of 
the  clearest  crystals  weighing  about  ten  grams  was  selected. 
It  was  perfectly  transparent  and  free  from  all  inclusions. 
Concerning  the  methods  which  were  employed,  it  should  be 
stated  that  the  boron  trioxide  was  determined  by  the  Goochf 
method.  Water  was  estimated  as  loss  on  ignition.  The  other 
determinations  were  made  according  to  the  methods  recom- 
mended by  Hillebrand.:}:  Two  analysis  were  made,  which  show 
very  close  agreement. 

The  results  are : 

I  II  Average 

SiO 37-60^  37-58^  37'69^ 

Fe,0, -10  -10  MO 

A1,0, -14  -16  -15 

CaO 34-64  34-74  34-69 

MgO -32  -31  -316 

B,0, 21-76  21.94  21-85 

H,0 5-67  6-76  6-715 

•       Total 100-23^       100-59^       100-41^ 

The  average  of  the  above  analyses  agrees  very  closely  with 
that  required  for  the  accepted  formula  HCaBSiO^.  This  was  to 
be  expected  because  of  the  unusual  clearness  and  purity  of  the 
crystals.  It  is  also  to  be  noted  that  this  analysis  is  very  similar 
to  Bodewig's§  of  the  datolite  from  Bergen  Hill,  N.  J.,  as  is 
shown  by  the  following  comparison  : 

Theoretical        Westfield      Bergen  Hill 

SiO 37-63  37-59  37-48 

Fe,0, -10  -12 

Al,0, -15               

CaO 34-95  34-69  35*42 

MgO -31               

B,0, 21-81  21-85  21-14 

H,0 5-61  5  72  5-71 

Total 100-00  100-41  99*87 

♦N.  Y.  State  Museum,  Bull.  98,  12. 

fF.  A.  Gooch,  Am.  Chem.  Jour.,  ix,  28,  1887.     F.  A.  Gooch  and  L.  C. 
Jones,  this  Journal,  vii,  34,  L899. 

X  Bulletins  148  and  176  U.  S.  Geol.  Survey. 

gC.  Bodewig,  Zeitschr.  fUr  Krys.,  viii,  2il,  1884. 
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This  similarity  in  the  composition  of  the  datolites  from  these 
two  localities  becomes  more  pronounced  when  we  consider  that 
the  vahie  given  by  Bode  wig  for  boron  trioxide  is  the  mean  of 
three  determinations,  one  of  which  is  21*6  per  cent.  This 
agrees  very  closely  with  the  values  obtained  by  us. 

Specific  Gravity. — For  the   determination  of  the  specific 

fravity  four  clear  crystals  of  convenient  size  were  used.  The 
eterminations  were  made  by  means  of  the  hydrostatic  balance 
at  a  room  temperature  of  19*5°  C,  the  water  being  21*5°  C, 
with  the  following  results : 

I 3-0006 

II 2-9098 

III 3-0065 

IV 30166 

Average 3-0058 

The  values  for  the  specific  gravitv  are  usually  given  in  the 
various  standard  text-books*  as  varymg  from  2*9  to  3.  Bauer,t 
however,  gives  2-9-3'6.  We  have  been  unable  to  find  any 
records  whatever  of  datolites  possessing  a  specific  gravity  as 
high  as  3*6,  and  on  account  of  the  fact  that  the  figures  obtained 
by  us  on  very  pure  material  are  much  lower,  we  would  question 
the  correctness  of  the  larger  value  given  by  Bauer. 

In  conclusion,  we  wish  to  express  our  indebtedness  to  Prof. 
E.  D.  Campbell,  Director  of  the  Chemical  Laboratory  of  this 
University,  for  advice  and  suggestions  relating  to  the  chemical 
portion  or  this  paper. 

Mineralogical  Laboratory,  University 
of  Michigan,  Ann  Arbor,  Mich. 
March  30,  1906. 

*  Dana,  System  of  Mineralogy,  1892,  504  ;  Hintze,  Handbnch  der  Mineral- 
ogie,  n,  167  ;  Miers,  Mineralogy,  1902,  588  ;  Naumann-Zirkel,  Elemente  der 
Mineralogie,  14te  Anflage  1901,  629. 

t  Bauer,  Lehrbuch  der  Mineralogie,  2te  Anflage,  1904,  762. 
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Art.  YII. — The  Husaian  Carboniferous  and  Permian  com- 
pared with  those  of  India  and  America.  A  Pevieio  and 
Discussion  /  by  Charles  Schuchert.     (With  Plate  I.) 

Contents : 

Part     I.  The  Work  of  Tschemyschew. 

Part   II.  The  Work  of  Noetling. 

Part  m.  The  Work  of  Diener. 

Part  IV.  The  Work  of  Girty  in  the  Trans-Pecos  Region  of  Texas. 

Part  I.  The   Work   of  Tschernyschew. 

Die  Obercarbonischen  Brachiopoden  des  Vral  und  des  Timan.  Von  Th. 
Tijchemvschew.  Mem.  du  Comity  G^ol.,  vol.  xvi,  1902  [1908J,  pp.  i-viii, 
1-749,  and  63  plates. 

This  lar^eand  exceedingly  valuable  monograph  describes  the 
brachiopods  collected  by  the  author  and  others  during  eight 
years  in  the  Ural  and  two  years  in  the  Timan  districts  of 
European  Kussia.  The  great  number  of  213  species  are  de- 
scribed, and  two  new  genera — Keyserlingina  and  Spirt ferellu. 

In  the  present  review  of  this  monograph,  the  author's  gen- 
eral conclusions  regarding  the  occurrence  of  these  forms  in 
riie  various  horizons  and  their  significance  in  correlation  only 
will  be  taken  into  account.  In  fact,  Tschernyschew's  correla- 
tions are  of  the  first  importance,  and  will  be  fully  presented 
here. 

In  the  introduction  the  author  states  :  — 

"  It  is  my  opinion  that  the  exceptional  richness  of  the  fauna 
of  the  Upper  Paleozoic  sediments  of  Russia  and  the  positive 
succession  of  the  various  horizons  give  us  the  right  to  regard 
eastern  and  northern  [  European  ]  Russia  as  the  starting  point 
for  the  correlation  of  similar  deposits  in  other  countries.  .  .  . 
Not  infrequently  my  views  differ  from  those  of  my  colleagues 
in  western  Europe  and  America,  and  in  recording  these  con- 
clusions in  the  nnal  chapter  of  my  work  my  chief  object  has 
been  to  present  the  views  of  one  geologist  who  in  the  course 
of  many  years  has  studied  the  upper  Paleozoic  deposits  in  the 
vast  territory  of  Russia.  It  is  very  probable  that  some  of  my 
freely-stated  assertions  will  be  strongly  criticized  by  geologists 
both  at  home  and  in  foreign  countries,  and  I  shall  be  the  first 
to  greet  such  criticisms  with  pleasure"  (pp.  vi,  vii). 

Of  the.  213  species  of  brachiopods  known  in  the  "  Upper 
Carboniferous  "  of  Russia,  61  pass  into  the  Artinsk  zone  and 
but  10  into  the  typical  Permian.  The  latter  are  Dlelasrna 
elongatum^  Jihynchopora  nihitlnl,,  P.  variabilis,  Camaro- 
phoria  erum,ena,  Csuperstes,  C,  r/lobidina,  Athy7'is  pectin  if  era, 
A.  roissj/%  jSpiriferina  cristata,  and  Productus  aff.  leplayi. 
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These  make  it  clear  that  this  is  not  the  normal  marine  fauna  that 
continues  the  Paleozoic  sequence  into  the  Mesozoic.  This  point, 
however,  will  be  discussed  on  a  later  page  (see  "  Conclusions," 
paragraph  2). 
In  regard  to  the  Russian  faunas  the  author  states  : — 
"  I  wish  to  call  attention  to  the  decided  differences  which 
make  their  appearance  in  the  fauna  of  the  Omphalotrochus 
horizon  when  contrasted  with  the  type  of  that  of  Miatschkowo 
[near  Moscow ;  also  see  the  following  table  for  stratigraphic 
position],  and  on  the  other  hand  the  great  resemblance  of  the 
brachiopod  fauna  of  the  Schwagerina  zone  to  that  of  the  higher 
lying  Permo-Carbon  (the  Artinsk  deposits  CPg  and  the  Lime- 
stone-dolomite CPc).  In  the  lower  Permian  fauna  of  Russia  we 
have  already  noted  a  decided  reduction  in  Brachipoda,  if  not 
in  quantity,  at  least  in  variety  of  species ;  and  in  the  still 
higher  horizons  of  the  Russian  Permian,  the  total  number  of 
Brachiopoda  is  not  more  than  40  species  [this  number  has 
reference  to  all  areas  correlated  with  the  typical  Perm 
area].  Entire  groups  of  forms  .  .  .  that  give  a  decided  aspect 
to  the  fauna  of  the  Upper  Carboniferous  Artinsk,  and  the 
Limestone-dolomite  beds,  are  completely  unknown  in  the  Per- 
mian sediments  of  Russia  and  west  fiurope.  Some  of  these 
groups  therefore  attract  our  attention  because  they  are  foreign 
to  the  Permian  deposits,  yet  in  the  Mesozoic  (Trias  and  Jura) 
they  attain  an  extended  development.  On  the  other  hand, 
others  belong  to  such  original  types  as  the  Lyttoniidse,  Teguli- 
fera^  and  Orthotwhiay  forms  that  give  a  decided  character  to 
the  upper  Paleozoic,  and,  so  far  as  our  knowledge  goes,  com- 
pletely disappear  with  the  Permian  epoch  [of  western  Europe]. 
From  a  biological  standpoint  there  can  be  no  doubt  that  our 
LTpper  Carboniferous  bi'achiopod  fauna  has  the  facies  of  a 
younger  type  than  the  Permian,  and  that  in  its  entirety  it  has 
a  more  decided  Mesozoic  impress  than  that  of  the  [Russian] 
Permian  following,  which  when  compared  with  the  other 
shows  atavistic  trends  [see  note  6].  As  it  is  my  opinion  that 
this  atavism  finds  its  proper  explanation  in  the  pnysico-geo- 
graphic  conditions  of  the  Permian  sea,  I  hold  that  it  is  not 
superfluous  to  direct  special  attention  to  this  fact,  and  thereby 
to  moderate  the  tendency  of  some  geologists,  who  in  their 
deterniination  of  the  age  of  this  or  that  fauna  depend  mainly 
upon  the  biological  peculiarities  and  not  infrequently  leave  out 
of  consideration  the  possible  explanation  that  the  'biological 
differen(»es  between  two  synchronous  or  at  least  closely  adjoin- 
ing faunas  are  partially  due  to  facies  and  chorological  causes" 
(pp.  6G3-4). 

"  Although   the   data   presented   regarding  the  distribution 
of  Upper  Carboniferous  deposits  in   the  region   of  European 
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Russia  show  that  we  can  not  fix  with  certainty  the  exact 
shore-lines  of  the  sea  of  this  epoch,  still  from  the  general  dis- 
tribution and  the  nature  of  the  sediments  of  this  time,  when 
compared  with  those  of  the  Middle  Carboniferous  epoch,  we 
may  conclude  that  there  was  a  retreat  of  the  sea  in  the  west. 
In  the  north  the  Upper  Carboniferous  sea  had  great  extension 
and  communicated  freely  with  the  far-reaching  Polar  sea.  In 
the  east  it  was  limited  by  the  Ural  barrier,  behind  which  in 
Siberia  lay  a  series  of  more  or  less  extensive  basins  of  brackish 
or  fresh  water  "  (p.  679). 

For  the  sake  of  completeness,  the  reviewer  will  here  intro- 
duce a  somewhat  detailed  generalized  section  of  the  Permian 
and  Carboniferous  of  Kussia,  compiled  from  various  recent 
sources  :* 

Brackish  ?  Permian  or  ?Tria88io»  Tartarian  (FT). 

Red  grits,  argillaceous  sands,  and  intercalations  of  clay  and 
marl  of  the  same  color ;  rarely  green  or  bright  blue. 

Red  colored  marls  and  variegated  clays,  with  intercalations  of 
grayish  grits  and  sands  of  the  same  tints. 
These  two  groups  have  brackish-water  genera,  as  Unio^ 
Anthracosia^  Najadites^  and  Paloiomuiela, 

Permian  (P)  of  Samara  and  Onfa  (the  Permian  sensn-strioto  of 

Mnrchiflon), 

Brown  grits,  marls,  and  limestone. 

Has  some  pelecypods,  as  AUorisma  elegans^  etc. 

Gray  slaty  limestones,  with  intercalated  marls  and  friable  grits. 
Has  Murchisonia  subanffulata^  TurhoniUa  af^tenburgen- 
sis^  Ma^rodon  hingianuni^  Osteodesma  kutorgana^  Modi- 
olopsis  paUasiy  Leda  speluncaria^  etc.  Of  Crustacea, 
JSairdiu^  Estheria,.  Lingula  orientalis.  Of  fishes,  PaUe- 
07tiscuSj  Acrolepis. 

Grits  and  gray  limestone,  more  or  less  copper-bearing. 

Rich  in  brachiopods:  Spirifer  regulatxvs^  Spiriferina 
o-istataj  Athyris  pectiiiifera^  Dielasma  elongata^  Pro- 
ductus  cancrini^  P.  hemisphasricus,  Strophalosia  hores- 
eens.     Some  bivalves  and  corals. 

Red  argillaceous  grits,  with  intercalations  of  clay  and  gray, 
brown,  and  reddish  marls. 

Fossiliferous  only  in  the  higher  beds:  Productus  can- 
crini^  Athyris pectinifera^  I) i elasma  elongata^  AUorisma 
elegans^  Macrodon  Icingianum^  etc. 

*The  Permian  and  Moscowian  section  is  taken  from  Nikitin — "  De 
Moscon&  Onfa  (via  Miatschkowo,  Riazan.  Penza,  Syzran,  Samara),''  Gnide  des 
EUcnrsions,  VII,  Congrfes  G^ol.  Internat.,  1897,  Pt.  II ;  the  Uialian,  from 
Tschemyschew's  great  brachiopod  work  here  reviewed  ;  the  Vis^ian  and 
Artinsk,  from  Tschemyschew,  M^m.  du  Comity  G^oL,  III,  No.  4,  1889. 
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Argillaceous  limestones  and   marls  of   variegated  tints.     No 

fossils. 
Gypsiferous  group    of    limestone,   gypsum,   and   clay.       No 

fossils. 

Permo-CarboniferouSf  or  Artinskian  (Lower  Permian  of  many 

authors). 

Horizon  CPc,  or  dolomitic-limestone  zone.  A  gray  or  yellow- 
ish gray  cavernous  limestone  passing  often  into  dolomite, 
brecciated  or  conglomeratic  in  composition,  with  interca- 
lated beds  of  oolite  and  occasionally  shale. 
Has  a  fauna  smaller  than,  and  almost  identical  with,  that 
of  horizon  C  Pg.  Cladodus^  Di^lasvia  hastata^  D,  dongata^ 
Spiriferina  eristata^  Rhynchopora  niktti7n,  Chonetes 
variolar Is^  C.  verneuiliana^  Prodxictus purdoni^  P.  cora^ 
Marginifera  typica^  Fus^ilina  verneuili^  and  Bradyina 
nautiliformis. 

Horizon  CPg,  or  Artinskian  sensu  stricto.  "  Peppery  "  sand- 
stone, witli  intercalations  of  shales.  In  places  conglomer- 
ates, limestone,  shales,  and  slates. 

Has  Phillipsia  griienewaldti^  Pronorites  prmpenni^us^ 
Agathiceras  uralioiini^  MedUcottia  artiejisia^  Gastrio- 
ceraSj  Popanoceras^  Pay*apronerites.  Of  Upper  Carbon- 
iferous brachiopods,  61  species  pass  into  this  zone.  Among 
the  more  prominent  fossils  of  the  zone  are  the  following: 
Dielasma  elonqata^  Spiriferfaseiger^  S.  alatii'S^  Spirifer- 
ina erlstata,  ^piriferella  saranw,^  BhynGhopora  nikitini, 
Camarophoria  pticata^  Streptorhynchus  pelargonatus^ 
Productus  spiralis^  P.  lineatics^  Ma-rginifera  typicn^ 
Fasidina  verneuili. 

Upper  Carboniferous,  or  Uralian. 

Schvvagerina  zone  (C|),  about  60  meters  thick  in  Timan. 

Abounds  in  Selncagerina  princepH,  Other  Foraminifera 
are  Fusulina  verneuili^  F.  longhsima.  Of  corals,  there 
are  many  sj)ecieH,  mostly  of  the  compound  type.  Of  Bryo- 
zoa,  the  most  striking  is  Archimedes,  This  is  the  horizon 
j>ar  ej'eeUence  for  brachiopods,  Tschernyschew  recording 
194  forms.  Dielasma  in  greatest  abundance,  with  13 
species ;  llemipiychina  4,  none  below ;  Notothyris  3 ; 
Axdaeothyris  2;  Keyserlingina  2,  none  below;  Terehrat- 
idoidea  2,  none  below;  Pugnax  8;  Camarophoria  14; 
Spii'iferina  8  ;  Spiriferdla  4 ;  Spirifer  21 ;  Martiniopsis 
7,  none  below ;  Martinia  13 ;  lieticidaria  4;  MeeTcelta  2; 
OrthotiehiaA^  none  below;  Chonetes  11;  Aulostegesl\ 
Productus  40 ;  Prohoscidella  3  (these  are  not  of  the 
type   of   the   Lower   Carboniferous,   having  had  another 
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origin) ;  Marginifera  8.  Pelecypods  also  common  and 
of  the  ordinary  upper  Carboniferous  types.  Of  cephalo- 
pods,  Agathiceras  uralicum,  Pronorites  cydolobtis  uralen- 
818,  P,  po8tcarhonariu8,  Trilobites,  Grtffithides  roeineri 
and  G,  gruenewaldti, 

Produetus  cora  zone  (C|),  about  70  meters  thick  in  Timan  and 
100  in  southern  Ural.  The  most  abundant  fossil  is  P. 
cora.  Other  brachiopods  are  Dielasma^  4  species  {Jbovi- 
dens) ;  Camarophorm  4 ;  Spiriferina  2  ;  Spinferella  sar- 
ancB^  Spirifer  earner atus,  S,  condor,  S.fasciger,  S,  mar- 
coui  (goes  no  higher),  Derhyia  regularis,  D.  crassa, 
Meekella  striaticostata  and  3  other  species;  Chonetes 
mesoloha,  G.  granulifera,  C.jlemingi,  C,  variolata,  Aula- 
sieges,  Proditctus  holiviensis  and  21  other  forms,  Mar- 
ginifera uralica  and  4  other  forms.  Corals  are  rare, 
especially  the  compound  forms  so  common  both  above 
and  4)elow.  Archimedes  rare.  Large  Fusulina  vememli. 
Orifjithides  scitxda, 

Omphalotrochus  zone  (Cjb).  This  zone  and  the  one  below 
have  a  united  thickness  of  about  70  meters.  Most  abun- 
dant fossil  Omphalotrochus  whitneyi.  Of  brachiopods 
there  are  Di^lasma  itaiiuhense,  Camarophoria  3,  Spiri- 
fer  marcoui,  Derby  a  crassa,  D.  7'egulari8^  Meekella 
striaticostata,  Aulosteges,  Prodiicius  nehrascensis,  P, 
cora,  P,  10  species,  Marginifera  uralica.  Corals  very 
abundant ;  this  zone  in  the  Urals  is  12  meters  thick. 

Spirifer  marcoui  zone  (C^a). 

Has  an  abundance  of  S,  marcoui  and  corals. 

Middle  Carboniferous,  or  Moscowian  (C?),  about  Miatschkowo. 

1.  Greenish  white  fragmental  limestone,  '3  meter  thick. 

2.  Greenish  compact  argillaceous  limestone,  '7  meter  thick. 

3.  Yellow  dolomitic  limestone,  2^  to  3  meters  thick. 

Abounds  in  fish  teeth  and  plates  of  Cladod^is,  Dactylodus, 
Deltodus,  Ostinaspis^  Pceeilodus,  Polyrhizodus,  Psepho- 
dus,  Psammodus,  and  Solenodxis,  Also  Produetus  se^ni- 
reticulatus. 

4.  Grayish  compact  limestone,  1^  to  2  meters  thick. 

5.  White  granular  soft  flaggy   limestone,  2  to  3  meters  thick. 

Has  a  normal  marine  fauna.  Those  preceded  by  1  are 
the  characteristic  species.  Has  many  of  the  fishes  found 
in  3,  and  Cymatodus,  Ilelodus,  Orodus,  Petalodus,  and 
Tomodus.  Also  Nautilus  nwsquensls,  Euomphalus 
pentangulatus,  E,  mar g hiatus,  MacrocheUus  ampullace- 
ous,,AUorisraa  regulare,,  Conocardium  uralicum,  Pro- 
duetus cora  (riparius),  P,  lineatus,  1  P.  seniireticulatuSy 
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P,  longispimi^^  P.  pu7irtatus^  1  Enteletes  lamarchi^ 
Meekella  exirnia^  1  Spirifer  mosquevsis^  1  S.  straivg' 
waxixj»i^  S.fasciger^  and  1  Sem  inula  ainbigua.  In  the 
clav  bands  this  is  also  the  liorizon  for  crinoids  Cromyo- 
crinus^  Ilydnoerhivs^Ph'ialocrhnta^  PoteriocAnus^  Stem- 
matocrin us^  etc.  Also  A  rchiocidaris  rosslcd^  Lepidesihes^ 
and  Calliastes.  Several  species  each  of  FenesteUa  and 
Polypora.  Of  corals,  BothrophyUtivi  conicum^  PeUd- 
axis  and  1  Ch<etet€S  radians.  Also  Fusulina  cylindrical 
but  not  readily  seen. 

6.  Fusulina  limestone  made  up  of  Foraminifera  and  crinoidal 

matter,  1  meter  thick. 

Has  some  of  the  iishes  also  found  above,  Nautihi^  6 
species,  Productus  semireticulatus^  P.punctatns^  Meek- 
etla  eximia^  Enteletes  lamarcki^  Spirifer  mosquensis^ 
Archiocidaris  rossica,  Ch(xtetes  radians^  Syringopcyra 
parallela^  Bothrophyllum  conic^im^  Axophyllnm  rosso- 
phyllum^  Fusulina  cylindrica^  Bradyina^  Endothyra^ 
FusulineUa^  Crihrostoniuni^  and  Tetrataxis, 

7.  Yellowish   white  hard  compact  limestone,  1^  to  2  meters 

thick. 

8.  Dirty  white  limestone. 

Lower  (?)  Carboniferous,  or  Viseian. 

Upper  limestone  (Cf ). 

Has  Allarisina  regularise  Rhynchonella  pleurodon^  Sem- 
inula  amhigua^  S.  suhtilita^  Schizophvna  remvpinata^ 
Productus  longispinus^  P.  eorrugatus^  P,  p^istulosus, 
Fiisulina  verneii^li^  Fusulinella  s^pJa^roidea^  etc. 

Lower  limestone  (C-J-l. 

Has  an  abundance  of  corals.  Syringopora  p^acilw^  Litho- 
strotion  affine^  L,  ccespitosiim^  L,  irregulare^  and  brachio- 
j)ods,  Productus  giganteus  and  Chonet£s  papilionacea. 
Also  P.  striatus^  Athyris  squaniit/era^  A,  expan^a 
Martini  a  glabra^  Phymatifer  pugdis^  Phanerotinm 
serpula^  PkiUipsia  globiceps^  etc. 

Devonian. 

Correlatio7i8  with  Iiulla. 

Tschernyschew  regards  it  as  "  highly  desirable  to  discuss  in 
detail  tlie  section  of  the  Salt  Range,  which,  as  far  as  the  sequence 
of  the  horizons  and  their  ])aleontological  characteristics  are 
concerned,  is  described  more  completely  than  is  any  other 
region  of  Asia.  This  area  is  at  present  not  only  the  starting- 
point  for  the  correlation  of  other  Asiatic  regions,  but  for  the 
Austrian  Paleozoic  as  well;  hence  I  hoW  that  my  view  regard- 
ing this  profile  will  not  be  unacceptable"  (p.  715). 
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Of  the  matiy  Indian  species  of  Brachiopoda,  the  author  finds 
that  31  are  also  known  in  the  Ural-Timan  region.  To  these 
he  lias  added  13  other  species  not  common  to  both  areas,  but 
which  clearly  have  related  forms.  He  then  discusses  the  dis- 
tribution of  these  various  species  in  the  beds  of  India  and  the 
Ural-Timan  region,  and  concludes: — 

''  Of  great  significance  is  the  occurrence  of  the  family  Ly tton- 
iidse  in  the  Schwagerina  horizon  of  the  Ural  and  the  Virgal 
beds  of  India.  This  occurrence  is  of  great  moment  and  signifi- 
cance in  the  history  of  the  upper  Paleozoic  of  Russia  "  (  see 
*''  Conclusion,"  paragrapli  5). 

"  Through  a  comparison  of  the  brachiopod  fauna  of  the  Upper 
Carboniferous  deposits  of  the  Ural  and  Timan  with  those  of 
the  various  subdivisions  of  the  Productus-limestone  of  the  Salt 
Range,  we  clearly  see  that  the  lower  Productus-limestone,  or 
the  Amb  beds  [see  tables  on  pp.  32,  37],  is  more  properly 
correlated  with  the  Ural-Timan  norizon  having  Spirijer  mar- 
com  and  Ornphalotrochus  whitnet/i,  and  that  in  our  Schwag- 
erina horizon  we  more  naturally  may  discern  the  greater  part 
of  the  Middle  Productus-limestone,  while  the  homotaxial  sedi- 
ments of  the  Cora  horizon  we  have  to  seek  in  the  upper  layers 
of  the  Amb  beds  and  probably  also  in  the  lower  Iiorizons  of 
the  Middle  Productus-limestone,  or  in  the  Virgal  group  ( ac- 
cording to  Noetling's  nomenclature).  In  this  parallelism  the 
Kalabagh  beds  [upper  division  of  the  Middle  Productus-lime- 
stone ]  and  the  Upper  Productus-limestone  ( in  any  event,  the 
major  part )  well  represent  the  Artinsk  deposits  and  their  equiva- 
lents of  the  Ural." 

"This  result  is  in  the  main  at  variance  with  the  prevail- 
ing views  as  to  the  ace  of  the  various  subdivisions  of  the  Pro- 
ductus-limestone of  tne  Salt  Range,  and  approaches  decidedly 
the  original  conclusion  that  the  age  of  these  beds  is  Carbonifer- 
ous. 1  foresee  that  against  my  deductions  the  objection  will  be 
raised  that  they  are  based  on  a  comparison  of  the  brachiopods 
alone,  but  I  can  also  defend  them  through  other  classes  of  the 
animal  world.  Moreover,  I  wish  to  say  a  few  words  in  regard 
to  the  Cephalopoda,  especially  the  ammonites."  He  then  dis- 
cusses the  ammonites  of  Russia  and  Sicily,  as  described  by 
Karpinsky  and  Gemmellaro,  and  lays  particular  stress  upon  the 
conclusion  of  the  former,  which  he  quotes  as  follows :  "  That 
the  Sicilian  fauna  is  somewhat  earlier  in  origin  than  that  of  the 
Urals,  although  they,  as  I  will  again  assert,  approach  closely  the 
Artinsk.  On  the  other  hand,  it  is  possible  that  the  differences 
mentioned  are  due  to  chorological  causes.  The  complicated 
ArcestidsB,  for  instance,  can  only  belong  to  the  southern  regions" 
(pp.  719-20). 
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Because  of  the  wide  distribution  of  the  remarkable  fish 
Ilelicoprion  in  North  America,*  Japan,  India,  and  Australia, 
and  of  the  fact  that  in  the  Ural  all  the  specimens  of  this  genus 
are  from  the  Artinsk  horizon,  Tschernyschew  holds  that  these 
data  should  be  given  great  weight,  since  so  peculiarly  constructed 
an  animal  "  must  have  had  a  very  restricted  duration  "  (  p.  722 ). 

"  According  to  my  judgment  all  that  has  been  said  is  strictly 
against  the  conclusion  of  Waagen  and  his  adherents,  who  see 
in  the  Productus-limestone  the  entire  Permian  series  of  Russia. 
In  the  general  chronological  scheme  the  Productus-limestone 
has  to  take  a  deeper  position  than  that  assigned  to  it  by  Waagen, 
Noetling,  and  others"  (p.  725). 

Regarding  Noetling's  statement  that  the  Productus-limestone 
passes  without  break  into  the  Ceratite-bearing  beds  of  the  Tri- 
assic,  Tschernyschew  admits  it  to  be  "  a  very  serious  argument 
in  favor  of  the  intimate  stratigraphic  connection  between  the 
Trias  and  the  Permian  in  the  Salt  Range,  and  the  entire  question 
relative  to  the  discordance  or  transgressive  nature  of  the  beds 
appears  to  him  [  Noetling  ]  impossible  in  such  close  association. " 
Tschernyschew  answers  that  the  total  dissimilarities  in  the  faunas 
of  the  Productus-limestone  and  the  Ceratite  beds  of  the  Tri- 
assic,  which  are  separated  by  only  a  few  meters  ( in  fact  uot  a 
single  species  passing  from  one  into  the  other,  according  to 
Waagen ),  cannot  be  accounted  for,  as  Noetling  thinks,  by  the 
changeable  nature  of  the  sediments  at  this  level.  "  Such  a 
sharj)  paleontological  boundary  is,  rather,  testimony  for  a  trans- 
gressive  superposition  of  the  Trias  on  the  Paleozoic  of  the  Salt 
Riinge. "  lie  then  states  that  numerous  Paleozoic  and  Meso- 
zoic  examples  of  supposed  continuity,  with  very  similar  litho- 
logic  deposits,  were  later  shown  by  the  Russian  geologists  to 
be  discontinuous  and  transgressive,  with  great  chronologic 
differences.  "  With  this  I  shall  allow  the  matter  to  rest,  add- 
itig  the  further  statement  that  I  believe  the  evidence  cited  by 
Noetling  not  to  have  the  strength  of  ^ound  proof  in  favor  of  a 
gradual  replacement  of  the  Permian  sea  in  the  Salt  Range  by 
the  Trias,  tlie  sharp  paleontologic  boundary  between  these 
deposits  indicating,  rather,  a  transgressive  superposition  of  the 
Scythian  stage  upon  the   Productus-limestone"  (pp.  726-27). 

As  the  Otoceras  beds  of  the  Himalaya,  supposed  to  be  tran- 
sitional between  the  J^roductus-limestone  and  the  Ceratites 
beds  of  the  Salt  Range,  enter  largely  into  the  question  whether 
the  latter  are  not  transgressive  upon  the  former,  Tschernyschew 
discusses  the  matter  as  follows  : — 

•'  What  relation  the  zone  w^th  Oktceras  woodwardi  and 
Ophloceras  tibeticuDi  in  the  Himalaya  bears  to  the  section  of 

*  This  genus  is  unknown  in  North  America,  and  the  author  probably  has 
reference  to  the  related  tyj^e  Campylopnoa  lecontvi  occurring  in  Nevada. 
See  Elastman,  Amer.  Nat.,  June,  1905,  pp.  405-409. 
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the  Salt  Range  is  a  problem  that  still  needs  a  final  solution. 
Paralleling  it  with  the  upper  horizon  of  the  Upper  Productus- 
limestone,  the  correlation  is  primarily  based  on  the  identity 
of  Medlicottia  wynnei  Waag.  of  the  Salt  Kange  with  M. 
dalailamcB  Diener,  which  Krafft  (A.  v.  Krafft,  Ueber  d.  perm. 
Alter  d.  Otoceras-stufe  des  Himalaya.  Centralbl.  f.  Min., 
Geol.  u.  Pal.,  1901,  pp.  275-279)  says  represent  but  one 
species.  However,  as  Waagen's  original  specimen  is,  accord- 
ing to  KraflEt,  very  badly  preserved,  this  stated  identity 
requires  better  material  for  its  proof.  It  is  all  the  more  neces- 
sary to  be  careful,  because  in  the  Artinsk  beds  of  Russia  were 
found  Medlicottias  that  much  remind  one  of  M,  wynnei 
Waagen.  In  any  event,  before  the  correlations  of  Noetling 
(Neues  Jahrb.,  Beil. — Bd.  XIV,  table  facing  p.  468)  can  be 
accepted  it  is  necessary  to  prove  an  uninterrupted  paleonto- 
logical  connection  from  the  zone  with  Cydolobus  oldhaini  and 
ItemicLspis  carbonarius  to  the  beds  with  Otoceras  woodwardi'^'* 
(p.  727.  See  Koetling's  recent  work  on  the  Otoceras  beds  of 
tlie  Himalaya  here  reviewed). 

Tschernyschew  states  that  until  the  entire  Permo-Carbonif- 
erous  fauna  of  Russia  is  worked  out,  no  positive  correlation 
can  be  made,  but  for  the  present  the  equivalent  as  presented  in 
the  following  table  is  the  most  probable  (p.  728) : — 


Salt  Range 


)per  Pro-    jChideni  beds 

uctus-lime- ;  Jabi  beds 

X)De  ;Khund-Ghat  beds 
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Noetling 


Ural  and  Timan 


iddle  Pro-    Kalabagh  beds 
uctus-lime-  Virgal  beds 
:one  Katta  beds 


Lower  Permian  of  European 
Russia 

Limestone-dolomite  horizon 
CFc  and  Artinsk  beds  CPg 

-^.       .  jSchwagerina  zone,  50  to  60 

Virgal  of         meters 
Noetling 


!     and  Noetling 


one 


Cora  zone,  70  to  100  meters 


Warchabeds  (Speckled 
sand  and  Lavender 
clay) 

Dandote  beds 

Talchir  bed  (Bowlder 
clay) 
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Pend- 
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Oraphalotrochus  zone  )  60  to  70 
Spirifer  marcoui  zone  j    meters 

Middle  Carbon  with  Spirifer 
mosquensis  of  the  east 
^  slope  of  Urals 


Conglomerate 

and  breccia  of  east" 
slope  of  Urals 
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Con-elation  with  America. 

Tschernyscliew  regards  the  McCloiid  limestone  of  the 
Shasta,  California,  region  as  the  homotaxial  equivalent  of  the 
Oinplialotroehus  horizon  of  the  Ural  and  Timan.  Further,  he 
agrees  with  Professor  Smith  that  this  limestone  is  to  be 
referred  to  the  Lower  Coal  Measures.  The  fossils  of  the  lower 
beds  of  the  Pitt  formation  "  remind  one  mostly  of  the  Cora 
horizon  of  the  Ural  and  Timan. "  "  As  to  the  analogues  of 
the  Schwagerina  horizon  it  is  difficult  to  state  anything  posi- 
tively, although  the  extensive  Pitt  shales  (about  2000  feet), 
may  in  part  represent  these  beds  of  the  Ural  and  Timan "'  (p. 
700).  Concerning  the  Robinson  beds  of  Diller  he  states  that 
"  their  age  is  near  that  of  the  Ural-Timan  Cora  zone." 

Regarding  Cummins's  Texas  section,  this  author  says : 
"  Witii  some  probability  the  Canyon  and  Strawn  beds  may"  be 
considered  as  analogous  to  our  Ural-Timan  Cora  horizon,'  the 
Cisco  and  Albany  beds  to  the  Schwagerina  zone.  This  is 
seen  in  the  interesting  paleontologic  data  obtained  by  Cum- 
mins and  White  in  the  Wichita  and  Clear  Fork  beds  which 
overlie  the  Albany  formation.  The  fauna  gathered  in  the 
up])er  portion  of  the  Wichita  and  in  the  lower  part  of  the 
Clear  Fork  according  to  its  development  may  be  regarded  as 
near  that  of  the  Artinsk  of  east  and  north  Russia"  (p.  702). 

According  to  Prosser's  work,  Tschernyschew  correlates  the 
Kansas  sections  as  follows:  *'The  Wabaunsee  and  Cotton- 
wood beds  I  have  seen  while  on  an  excursion  in  Kansas  in 
1891,  the  former  in  the  railroad  quarry  at  the  station  Manhat- 
tan, and  the  latter  in  the  Ulrich  quarry  in  tlie  same  village. 
I  should  prefer  to  correlate  both  with  the  Cora  horizon  of 
east  and  north  Russia.  The  Neosho  beds  and  probably  also 
the  lower  portion  of  the  Chase  series  appear  to  be  analogous 
with  the  Schwagerina  horizon  of  Russia,  and  the  remainder  of 
this  as  well  as  tfie  Marion  beds"  must  be  regarded  as  homo- 
taxial with  the  Russian  Permo-earbon  and  the  lower  Permian. 
Finally,  the  AVelUngton  and  Cimarron  beds  may  represent 
the  lower  red  colored  Permian  series  of  east  and  north  Russia" 
(p.  703V  ^ 

"  In  Missouri  and  Iowa  the  character  of  the  Upper  Carbon- 
iferous sediments  approaches  the  type  developed  in  the  Donetz 
basin,*  and  as  in  this  region  of  Russia  so  in  these  states  the 
Coal  Measures  were  deposited  in  a  relatively  great  sea  closed 
toward  the  east,  north,  and  south,  that  had  connection  only  in 

*  For  a  detailed  exposition  of  the  Lower  (Ci),  Middle  (Ca)  and  Upper  (Cs) 
Carboniferous  litholo|t;ical  and  biological  sequence,  see  Tschernyscliew  and 
Loutonpfuin,  in  Le  Bassin  du  Donetz  (Guide  des  Excursions,  VII,  Congr^s 
Geol.  Intemat.,  1897,  Pt.  XVI). 
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the  west  and  southwest  with  that  of  the  widely  extended 
Upper  Carboniferous  sea  of  western  North  America."  The 
Mississippian  series  "represents  the  entire  lower  and  in  all 
probability  also  a  portion  of  the  Middle  Carboniferous  divi- 
sions of  liussia.  ...  As  has  been  stated  above,  the  Wabaunsee 
beds  are  to  be  regarded  as  near  the  Cora  horizon ;  we  can  not 
therefore  ascribe  a  younger  age  to  the  Des  Moines  series,  and 
they  are  in  all  probability  at  least  in  part  equivalent  to  the 
Oraphalotrochus  horizon  "  (pp.  704r-5). 

"The  Donetz  type  of  sedimentation  is  still  more  typical  in 
the  profiles  of  the  ntates  Illinois,  Ohio,  and  Kentucky.  .  .  . 
At  present  one  can  only  point  out  that  a  portion  of  the  Upper 
Coal  Measures  of  these  States  in  all  probability  represents  the 
beds  of  the  Donetz  basin,  which  on  the  basis  of  the  latest 
researches  may  be  regarded  as  the  analogues  of  the  Artinsk 
deposits  of  the  Urals." 

Tschernyschew  then  sums  up  his  conclusions  in  the  follow- 
ing table : — 


Ural  and 
Timan 


California,  Nevada,  Utah,  ^  ,  Arkansas 

and  Colorado  ^®^*®  ^°^  Arkansas 


Artinsk 
deposits 


Kansas,   Nebraska,    Iowa, 
Missouri 


Shale  and   shaly  lime- 
stone of  the  Wasatch  Wichita  and  Clear^j^j.jQj^  beds' 
Mountains  and  their    "    '   '     ^ 
pelecypod  fauna 


Schwagerina 
horizon 


Fork  beds 


Light    colored    lime-Albany  and  Cisco 
stone  of  the  Upper   beds 
Carboniferous 


Cora 
horizon 


Lower  portion  of  Pitt 
shale  series.  Robin- 
son beds.  ?  Weber 
quartzite 


Omphalo- 
trochus 
horizon 


'Chase  beds 

I 

Neosho  beds 

Missouri  series  and 
Cottonwood  beds  of 
Kansas  and  Nebraska 
Wabaunsee  beds 
Oread  limestone  and 
Osage  shales  of 
Kansas 


McCloud  limestonei 
Upper  portion  of| 
Wasatch  limestone      ICanyon    and 

Strawn  beds 


The    series 
,  from  Garnet 


Des 

r^  Moines 

to  Oswego  b^jg^f 


limestones 
of  Kansas 


Missouri 


In  this  connection,  it  may  not  be  amiss  to  <^ive  the  opinion 
of  one  who  has  now  devoted  ten  years  to  a  study  of  Aujcrican 
Carboniferous  faunas,  and  who  has  had  the  great  advantages 
of  the  U.  S.  Geological  Survey, — Dr.  George  IL  Girty. 
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"  Tschernyschew  also  correlates  the  Russian  section  with 
that  of  tlie  Mississippi  Valley.  His  correlation  may  be  correct, 
but  the  Pennsylvanian  faunas  of  the  latter  area  are  so  widely 
different  from  those  of  our  Western  States  which  the  Russian 
ones  most  closely  resemble,  that,  in  the  opinion  of  one  who  has 
had  some  acquaintance  with  both  types,  a  precise  correlation 
is,  in  our  present  knowledge,  impossible.  The  beds  placed  in 
alignment  by  Tschernyschew  contain  faunas  so  widely  dissimi- 
lar that  it  seems  an  act  of  temerity  to  group  them  together. 
The  evidence  for  so  doing  consists  in  part  of  the  occurrence  of 
certain  American  species  in  the  Russian  faunas,  but  the  identi- 
fications, if  one  may  judge  by  the  figures  given,  in  some  cases 
are  questionable  and  in  others  consist  of  such  long-ranged 
types  that  in  view  of  the  really  small  percentage  which  these 
forms  bear  to  the  entire  fauna,  the  evidence  appears  of  dimin- 
ishing significance  the  more  critically  it  is  examined  "  (3,  p. 
24). 

Part  II.     The  Work  of  Noetling. 

1.  Ueber  das  Verh&itniss  zwischen  Productuskalk  und  Cei^titenachichien 
in  der  Salt  range,  Indien.  Von  Fiitz  Noetling.  Centralblatt  fur  Min., 
Geol.  und  Pal.,  1904,  pp.  321-327. 

!S.  Ueber  Medlicottui  Waag.  und  Episageceras  n.  g.,  etc.  Von  Fritz  Noet- 
ling.    Neues  Jahrb.,  Beil.-Band  XIX,  1904,  pp.  334-376. 

J.  Ueber  das  Alter.der  Otoceras-Schichten  von  Rimkin  Paiar  (Painkhanda) 
in  Himalaya.  Von  Fritz  Noetling.  Neues  Jahrb.,  Beil.-Band  XVIII,  1904, 
pp.  528-555. 

The  first  of  these  papers  is  a  short  summary  of  an  earlier, 
very  important  and  extensive  discussion  by  the  same  author  (4. 
Beitrage  zur  Geologie  der  Salt  Range^  etc.,  Neues  Jahrb., 
Beil.-Band  XIV,  1901,  pp.  369-471),  describing  the  sequence 
of  the  horizons  closing  the  Paleozoic  and  their  unbroken  suc- 
cession into  the  well-developed  Lower  Triassic  of  India.  Noet- 
linff's  work  has  been  assailed  by  one  of  the  foremost  geologists 
of  Europe,  and  as  tlie  proper  correlation  of  the  Productus-lime- 
stone  with  European  horizons  affects  the  various  formations 
composing  the  Permian  system,  it  is  well  for  Americans  to 
become  acquainted  with  these  latest  works,  especially  since 
Asiatic  faunas  are  now  known  in  southwestern  Texas,  Cali- 
fornia, and  Alaska. 

Noetling  states:  ''Upon  the  Cambrian  beds  of  the  Salt 
Range  there  lies  discordantly  a  sedimentary  complex,  followed 
by  a  series  that  Koken  has  established  as  of  Jurassic  age,  in 
which  there  is  no  evidence  of  discontinuity,  although  during 
its  deposition  at  various  times  very  different  physical  conditions 
must  have  occurred. 

^'  On  the  basis  of  origin,  one  can  separate  this  sedimentary 
complex  into  three  divisions  of  varying  thickness,  namely  : 
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"  An  upper,  pure  marine 

"  A  middle,  glaeio-marine  }-  division. 

"  A  lower,  glacial 

"...  This  arrangement  is  intended  only  to  express  the 
relative  participation  of  ice  and  sea-water  in  these  deposits. 
Nowhere  do  we  see  a  stratigraphic  break  or  discordance; 
through  local  intercalations  of  drift  horizons,  the  lower  glacial 
deposits,  the  stratified  beds,  and  the  Conularia  layer  are  closely 
united  ivith  the  glacio-marine  division  (Olive-sandstone  and 
Lavender-clay),  and  from  the  latter  there  occurs  a  very  grad- 
ual transition  into  the  pure  marine  division. 

"  Again,  three  very  unequal  faunal  divisions  may  be  distin- 
guished, naniely : 

•*  An  upper  division  :  characterized  by  an  abundance  of  Cer- 
atites. 

"A  middle  division  :  characterized  by  an  abundance  of  Pal- 
eozoic brachiopods  and  sparingly  of  Ammonites. 

"  A  lower  division  :  thus  far  without  such  fossils. 

"  These  three  faunistic  divisions  do  not  wholly  agree  with 
the  three  genetic  sections.  The  lower  division  without  fossils 
is  of  course  in  harmony  with  the  glacial  division,  but  the  mid- 
dle section  embraces  the  glacio-marine  and  the  lower  portion 
of  the  marine  divisions,  while  the  upper  member  includes  the 
upper  part  of  the  marine  section.  The  following  table  will 
inaKe  this  clear  : — 


**  Genetic 
divisions 


Pure 

marine 

beds 


Glacio- 
marine 
beds 


Faunistic  divisions 


Stratigraphio 
divisions 


Characterized  by  the 
absence  of  Paleozoic  Paleozoic  brachiopods 
brachiopods  and  the  absent.  Ceratites 
appearance  of  a  occurring  in  abun- 
great  abundance  of,  dance 
Ceratites 


jCharacterized  by  the 
I  retreat  of  the  Cera- 
tites and  the  appear- 
ance  of  an  abun- 
dance of  Paleozoic 
brachiopods 


I  Paleozoic  brachiopods 
abundant.      Ceratites 


rare 


Ceratite 
beds 


Productus 
limestone 


Paleozoic  brachiopods 
unknown 
Conularia  fauna 


Lavender-clay 


Glacial 
beds 


Without  fossils 


Without  fossils 


Olive-sandstone 


Bowlder 
clay  " 
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"  The  stratigraphic  divisions  represent  the  four  or  five  great 
natural  groups  into  whieli  the  rermian  system  of  the  Salt- 
Range  is  readily  divisible,  on  the  basis  of  the  paleontological, 
lithological,  and  genetic  characteristics." 

"  Naturally  of  greatest  importance  are  the  two  groups  of  the 
upper  marine  division — the  Ceratite  beds  and  the  Productus- 
limestone — for  if  the  age  of  either  of  them  can  be  satisfacto- 
rily determined,  it  follows  that  the  age  of  the  other  is  also  fixed. 
In  a  general  way,  the  age  of  these  two  groups  is  already  estab- 
lished :  The  Productus-limestone,  with  its  very  remarkable 
abundance  of  Paleozoic  Brachiopoda,  must  belong  in  the  Paleo- 
zoic, while  the  Ceratite  beds  having  the  Ammonites  char- 
acterized by  Ceratite  suture  lines  must  be  referred  to  the  Tri- 
assic.  However,  the  Productus-limestone  was  regarded  as 
Carboniferous  until  the  detailed  description  of  the  fauna  by 
Waagen  taught  that  this  view  must  be  decidedly  modified. 
On  my  first  trip  to  the  Salt  Range  I  noticed  the  gradual  tran- 
sition from  the  Productus-limestone  into  the  Ceratite  beds  at 
Chideru ;  later  I  was  able  to  extend  this  observation  through 
the  profile  in  the  Chuas  ravine,  near  Virgal ;  here  can  be 
plainly  seen  the  individual  lithologic  members  of  the  Produc- 
tus-limestone and  the  Ceratite  beds  in  most  intimate  succes- 
sion. .  .  .  Because  of  the  indisputable  succession  at  these  two 
places  I  argued  as  follows :  Such  an  intimate  connection  of 
Paleozoic  and  Triassic  can  only  exist  near  the  dividing  line 
between  the  Permian  and  Triassic ;  if  the  Ceratite  beds  belong 
in  the  Triassic,  then  the  underlying  Productus-limestone  must 
fall  into  the  Permian,  and  accordingly,  on  account  of  the  indi- 
viduaHty  of  its  fauna,  it  must  represent  but  a  single  division 
of  the  Permian,  but  can  not  at  the  same  time  be  the  equiva- 
lent of  both  the  Zeehstein  and  the  Rothliegendes." 

The  author  then  makes  comparisons  witli  other  Indian  Tri- 
assic rejicions,  and  also  discusses  the  possibility  that  the  Pro- 
ductus-limestone may  be  Upper  Carboniferous.  He  concludes 
that  if  the  Ceratite  beds  of  the  Salt  Range  are  not  Triassic, 
then  the  entire  lower  Trias  is  absent  in  the  Himalaya.  He 
maintains  that  the  possibility  of  the  Triassic  being  transgres- 
sive  upon  the  Upper  Carboniferous  is  excluded,  because  the 
transifression  would  then  fall  in  the  middle  of  an  undisturbed 
sequence,  i.  e.,  in  the  Upper  Productus-limestone.  Further, 
if  these  deductions  are  not  correct,  then  no  reliance  can  be 
placed  on  the  development  of  the  suture  lines  of  ammonites 
for  the  determination  of  geologic  age  (see  below  for  his  con- 
clusions resulting  from  his  studies  on  Medllcottia). 

Noetlinff  holds  that  there  was  a  faunal  transo:ression  from 
the  Urals,  but  that  the  time  of  its  spreading  was  at  about  the 
middle  of  the  Permian.  ''  While  this  fauna  was  expanding 
radially,  one  can  readily  believe  that  the  peripheral  parts  of 
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the  transgression  were  younger  than  those  of  the  pivotal  region. 
In  transgressions,  one  has  to  calculate  not  only  with  two  dimen- 
sions, but  also  with  a  third,  because  a  species  may  occur  in 
geologically  older  beds  near  the  center  than  at  the  periphery, 

where  it  may  be  found  unchanged  in  younger  deposits 

It  may  be  assumed  that  at  the  time  of  the  Upper  Carboniferous 
in  the  region  of  the  present  Urals,  there  existed  an  extended 
ocean,  whose  boundary  was  pushed  toward  the  south  and 
southeast  (  Uralic  transgression ).  This  transgression  was  not 
of  a  catastrophic  or  sudden  nature,  but  was  slow  and  continuous 
through  a  long  period  of  time.  The  fauna  spreading  with  the 
transgression  passed,  at  least  in  part,  unclianged  into  younger 
deposits ;  while  in  the  outermost  boundaries  of  the  transgres- 
sion, in  the  Salt  Range  and  in  the  Himalaya,  there  occurs  a 
series  of  forms  in  beds  that  are  younger  than  the  same  species 
found  in  the  central  region.  This  crudely  stated  hypothesis 
naturally  collides,  of  course,  with  the  theory  of  guide-fossils 
(  Leitfossilien  \  but  my  long-continued  studies  in  India,  namely, 
in  respect  to  tne  Tertiary  fauna,  have  more  and  more  convinced 
me  that  the  rigid  theory  of  guide-fossils,  valuable  as  it  is  within 
restricted  areas,  always  proves  disappointing  when  applied  to 
greater,  more  widely  extended  regions." 

In  the  author's  larger  work  of  1901,  cited  above  (4),  he  fully 
presents  his  views  regarding  the  sequence  of  the  Indian  Permian 
and  Triassic  sections  atid  their  correlation  with  that  of  Europe. 
Noetling,  however,  recognizes  that  the  diflSculties  are  great, 
for  he  states :  ''  If  the  rermo-Triassic  formations  of  the  Salt 
Range  had  fii*st  been  studied,  it  would  never  have  occurred  to 
anyone  to  draw  a  line  in  this  unbroken  series  and  to  apply  to 
the  divisions  two  names.     One  would  have  regarded  the  series 

as  a  unit,  which  it  is If  from  these  formations  one  had 

proceeded  to  seek  the  European  equivalents,  they  would  have 
been  hard  to  force  into  the  scheme  framed  for  the  Salt  Range. 
Speculation  of  every  sort  would  probably  have  been  resorted  to. 
I  now  find  m^'^self  in  an  analogous  position  in  forcing  into  the 
European  scheme  the  Permo-Triassic  series  of  the  Salt  Range, 
and  if  it  is  to  be  employed  in  this  case  then  one  must  make  a 
purely  artificial  separation  "  (4,  p.  458). 

From  this  work,  the  table  of  Plate  I  is  compiled,  giving  the 
sequence  of  the  formations,  their  terminology,  thickness,  and 
correlations  with  European  standards;  the  Himalayan  section 
is  added  from  Noetling's  paper  here  numbered  3. 

The  second  of  these  papers  cited  deals  with  the  very  impor- 
tant Permian  ammonite  Medlicottia,  The  genus  is  here 
studied  in  considerable  detail  and  comparisons  are  made  between 
the  European  and  Indian  species.     The  American  forms  are 
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not  discussed,  these  being  left  to  Prof.  James  Perrin  Smith. 
In  regard  to  the  stratigraphic  and  evolutional  conclusions 
attained  by  the  author,  he  states : 

*'  The  views  here  presented  are  proved  partly  by  ontogenetic, 
partly  by  phylogenetic  examinations  and  observations,  and  there- 
fore they  may  to  a  certain  extent  be  depended  upon.  I  must, 
however,  note  the  assumption  on  my  part  that  the  Sicilian 
Fusulina-limestone  is  older  than  the  Artinsk  [=Permo-Carb. 
of  the  Russians]  horizon,  and  again  that  the  latter  is  older 
than  the  Productus-limestone  of  the  Salt  Range.  By  follow- 
ing out  this  assumption  and  comparing  the  various  suture  lines 
with  one  another,  I  obtained  positive  results  which  were  proved 
by  the  develppment  of  the  suture  lines  of  M,  orhignyana. 
This  especially  applies  to  the  divisions  of  the  external  saddles  " 
(p.  354). 

"  In  this  connection  I  would  [first]  like  to  point  to  an  observa- 
tion, which  in  spite  of  its  scantiness  permits  of  wholly  unsur- 
mised  deductions  regarding  the  climatic  conditions  at  the  close 
of  Paleozoic  and  the  beginning  of  Mesozoic  time.  In  an  earlier 
work  I  had  the  opportunity  of  propounding  the  question — Is 
the  abundant  appearance  of  Productus  possibly  connected 
with  a  cooler  temperature  of  the  sea- water  ?"  [In  Neues  Jahr- 
buch,  1896,  II,  p.  ^^^  this  problem  is  stated  as  follows :  "  In 
India  at  least,  but  more  particularly  in  the  Salt  Range,  there 
w^as  a  glacial  period  at  the  beginning  of  Permian  time.  It 
would  be  interesting  to  examine  the  evidence  to  see  if  the 
great  abundance  of  Prodiict\is  has  any  connection  with  the 
cooler  temperature  of  the  sea-water."] 

"  A  greater  knowledge  of  the  Paleozoic  deposits  of  the  Salt 
Range  has  given  undoubted  evidence  of  the  existence  of  a 
Glacial  Period  at  the  beginning  of  Permian  time,  which 
deposits  locally  were  laid  down  in  the  sea.  [For  a  full  bib- 
liography and  a  good  description  of  the  late  Paleozoic  glaciation 
of  India,  see  Noetling,  Neues  Jahrb.,  1890,  II,  pp.  61-86.]  In 
other  words,  this  sea  mnst  have  been  one  with  a  low  temperature. 
Subsequently,  in  this  sea  was  deposited  tiie  Productus-limestone, 
and  the  conclusion  is  not  probable  that  the  temperature  of  the 
w^ater  rose  during  the  melting  of  the  glaciers  and  the  introduction 
of  the  ProducUis-id^xwm.  In  the  Salt  Range,  therefore,  this 
fauna  is  to  be  regarded  as  an  arctic  one. 

*'  The  studies  of  Medlicottia  have  shown  that  M.  primus 
Waag.  is  in  all  })robability  to  be  regarded  as  a  descendant  of 
M,  orhignyanus  Yern.  sp.  of  the  Artinsk  horizon.  One  can 
picture  to  himself  the  condition  whereby  the  Medlicottias 
migrated  from  north  to  south  (more  correctly  from  northwest 
to  southeafjt)  at  the  same  time  that  they  passed  into  higher  beds. 
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"  If  this  conclusion  is  correct,  i.  e.,  the  fact  that  a  migration  of 
the  Ammonite  world  from  north  to  south  took  place  toward 
the  end  of  the  Permian,  then,  I  ask,  is  it  not  conceivable  that 
the  ProduetuS'iB.una,  accustomed  to  a  cold  sea  was,  in  con- 
sequence of  the  raising  of  the  general  temperature  of  the 
water,  driven  from  its  original  northern  habitat  toward  the 
south,  where  shortly  before  the  disappearance  of  the  Permian 
ice  period  it  found  the  required  normal  temperature?.  Is  it 
not  further  conceivable  that,  with  a  continuea  increase  in  the 
temperature  of  the  sea,  whicli  under  some  circumstances  may 
have  occurred  very  rapidly,  the  Brachiopod  fauna,  also,  may 
here  have  been  suddenly  exterminated,  while  the  Ammonites, 
apparently  better  adapted  to  warmer  water,  developed  in  a 
most  remarkable  manner?  Is  it  not,  moreover,  conceivable 
that  the  end  of  Paleozoic  time  was  characterized  by  a  probable 
rapid  increase  in  temperature  which  spread  itself  from  north 
to  south?  If  this  hypothesis  is  correct,  we  must  then  assume 
that  the  dividing  line  between  Paleozoic  and  Mesozoic  time  is 
marked  by  a  ciiange  of  temperature  which  spread  from  the 
northern  hemisphere,  thus  forcing  the  Paleozoic  Brachiopoda 
southward,  where  for  a  short  time  in  a  suitable  medium, — a 
sea  cooled  by  the  Permian  glaciers,  they  attain  a  wonderful 
development,  and  then  die  out  when  the  average  temperature 
exceeded  that  beneficial  to  them"  (pp.  375-6j. 

These  suggestions  of  Noetling's  are  of  the  greatest  interest. 
However,  as  Medlicottia  occurs  in  Texas  in  association  with 
an  undoubted  Upper  Carboniferous  fauna  of  the  type  so  well 
known  in  the  Mississippi  valley,  the  question  arises — Are  not 
these  the  oldest  Medlicottias  ?  If  so,  then  the  further  question 
is  raised — Was  not  the  migration  east  and  west  through  the 
great  mediterranean  Thetys  instead  of  from  north  to  south? 
In  1901,  Noetling  (4,  p.  457)  explains  this  change  of  fauna  on 
the  basis  of  change  in  the  depth  of  the  sea.  lie  states :  "  The 
Brachiopoda  of  the  deeper  waters  died  out  and  are  replaced 
by  the  Ammonites,  lovers  of  shallow  waters  and  flat  coasts." 

It  is  the  impression  of  the  reviewer  that,  until  more  is 
known  in  regard  to  the  extremely  interesting  Productus- 
limestone  fauna  of  the  El  Paso,  Texas,  region  and  similar  or 
Artinsk  faunas  from  California  and  Alaska,  no  safe  deductions 
as  to  paths  of  migration  can  be  made. 

From  the  third  paper  by  Noetling,  on  the  Otoceras  horizon, 
is  gleaned  the  following: — 

'*  In  a  treatise  on  the  divisions  of  the  pelagic  Trias,  Mojsiso- 
vics,  Waagen,  and  Diener,  supported  by  the  statements  of 
Waagen  that  there  exists  a  hiatus  in  the  Salt  Range  between 
the  uppermost  Permian  and  the  lowest  Trias,  have  denied  the 
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existence  of  the  Otoceras  beds  or  their  equivalents  in  this  part 
of  the  Trias  sea. 

*'  I  had  serious  doubts  about  this  conclusion,  for  on  ray  visit 
to  Chideru  in  the  Salt  Eange  I  was  convinced  that  there  is 
here  a  gradual  transition  from  the  Upper  Productus-limestone 
(Permian)  to  the  Ceratites  beds  (Trias). 

"This  observation  is  not  new,  for  at  different  times  Wynne 
has  pointed  out  the  gradual  passage  in  the  sequence  oi  the 
beds  from  the  Productus-limestone  to  the  Ceratites  beds,  but 
his  statements  have  unfortunately  received  too  little  attention '' 
(p.  529). 

On  this  visit  Noetling  looked  for  the  Otoceras  beds  at  the 
base  of  the  Ceratites  zone  below  the  Ceratites-limestone,  but 
did  not  iind  this  diagnostic  fossil.  To  his  great  surprise  he 
did  iind  what  he  took  to  be  an  Otoceras  in  the  Ceratites- 
shale,  i.  e.,  above  the  Ceratites-limestone.  On  his  return  to 
the  museum  at  Calcutta,  however,  the  fossil  proved  not  to 
belong  to  this  genus.  After  a  further  dissection  of  the  Him- 
alaya section  he  states :  "  In  the  Himalaya  the  Otoceras  beds  lie 
immediately  below  the  Iledenstroemia  beds.  Accordingly,  in 
the  Salt  Range,  either  the  Otoceras  beds  or  their  equivalents 
must  be  looked  for  immediately  beneath  the  Ceratites  beds. 
As,  however,  in  the  Salt  Range,  immediately  beneath  these 
beds  lies  the  Permian  (Upper  Productus-limestone  =  Chideru 
group)  it  follows  that  we  liave  to  seek  for  the  equivalents  of 
the  Otoceras  beds  in  the  Salt  Range  in  the  Upper  Productus- 
limestone,  probably  in  my  Euphetmcs  indicus  zone,  but  over 
the  zone  with  Episageceras  wynneiP  In  spite  of  careful  col- 
lecting none  were  found,  and  he  concludes:  "According  to 
our  experience  we  almost  doubt  the  occurrence  of  Otoceras  in 
the  region  of  the  Salt  Range."  The  two  regions  have  a  differ- 
ent stratigraphic  sequence  with  somewhat  different  faunas,  and 
it  may  be  that  they  were  separated  from  one  another  by  a  sub- 
merged barrier  (a  rising  anticline)  not  wholly  preventive  of 
intermigration. 

Then  follows  a  long  discussion  oi  the  apparently  complete 
transition  zone  in  the  Himalaya,  between  the  Productus-lime- 
stone and  the  Ceratites  beds,  and  considerable  detail  regarding 
the  included  fauna  as  well.  This  discussion  is  entirely  too 
long  and  too  detailed  to  be  summarized  here,  but  Noetling's 
views  are  clearly  presented  in  two  correlation  tables,  one  of 
whicli  has  been  added  to  the  table  given  on  Plate  I. 

[To  be  continued.] 
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Art.  YIII. — JV'ote  on  two  interesting  Pseitdomorphs  in  the 
McGUl  University  Mineral  Collection;  by  R.  P.  D. 
Graham,  B.A. 

1.  Pseudomorphs  of  Orthoclase  after  Latimontite from  Templetouy 

Ottawa  County^  Quebec, 

The  specimens  described  below  were  collected  some  years 
ago  by  Dr.  B.  J.  Harrington  in  the  apatite  region  of  Temple- 
ton,  and  had  been  labelled  by  him  as  pseudomorphs  after  lau- 
montite,  although  they  were  not  further  examined  at  the  time. 
They  consist  chiefly  of  flesh-red  to  almost  white  crystals,  meas- 
uring up  to  about  half  an  inch  in  length  for  the  most  part, 
and  having  a  very  fresh  appearance,  the  edges  being  quite  sharp 
and  the  faces  smooth  witn  a  dull  and  somewhat  waxy  lustre, 
although  in  some  cases  they  are  somewhat  weathered  on  the 
surface.  They  are  of  the  usual  lanmontite  habit  (fig.  1)  show- 
ing a  combination  of  monoclinic  prism  with  basal 
plane.  The  faces  do  not  directly  yield  reflections 
owing  to  their  dull  lustre,  but  by  placing  a  drop 
of  alcohol  on  each  in  succession,  after  adjustment 
on  the  reflecting  goniometer,  and  taking  readings 
at  the  moment  when  the  drop  is  just  about  to  dis- 
appear (as  suggested  by  H.  T.  Whitlock*),  the  angles 
can  be  measured  with  a  fair  degree  of  accuracy, 
and  they  were  found  to  correspond  with  those  of 
laumontite.  The  crystals  are  implanted  in  irregu- 
lar groupings  in  a  compact  material  of  a  rather 
paler  tint,  but  possessing  the  same  general  char- 
acters, and  this  in  turn  encrusts  the  dark  green 
pyroxene  and  brownish  phlogopite  which  are  characteristic 
of  the  Templeton  locality.  The  pyroxene  is  in  the  form  of 
large  prismatic  crystals,  an  inch  or  so  in  diameter,  and  both 
this  mineral  and  the  phlogopite  are  more  or  less  completely 
coated  with  a  layer  a  quarter  of  an  inch  thick  of  the  pale-colored 
massive  material  from  which  the  psendomorphous  crystals 
spring;  there  are  also  dispersed    through   it   fragments  of  a 

?ale  green  apatite,  and  in  one  of  the  specimens,  a  crystal  of  zircon, 
'he  prism  faces  of  the  crystals  are  usually  striated  vertically 
and  sometimes  exhibit  a  step-like  structure  along  the  directions 
of  the  original  laumontite  cleavages,  which,  however,  are  now 
entirelv  lacking.  The  fracture  is  fairly  even,  and  the  crystals 
are  solid  and  homogeneous  throughout ;  in  physical  characters 
they  correspond  exactly  with  the  feldspar :  Ii  =  6,  Sp.  G.  =  2'56. 
Thin  splinters  fuse  B.  B.,  the  pink  color  fading  to  white ;  and 

♦N.  Y.  State  Museum  Publication,  1905. 


48    Graham — Pseudomorphs  in  Mc  OiU  TJn  iversity  Collection. 

only  a  slight  trace  of  water  is  given  off  on  heating  in  a  closed 
tube.  The  finely  powdered  mineral  is  insoluble  in  acids,  and  a 
preliminary  examination  of  the  solution  obtained  after  fusion 
with  a  mixture  of  sodium  and  potassium  carbonates  showed 
that  it  contained  no  fluorine  or  chlorine.  An  analysis  was 
made  of  material  selected  from  some  of  the  freshest  crystals 
with  the  following  result  (column  I): 

Templeton.  Weissig.  Orthoclase. 

I.  II.  III. 

SiO, 63-12 65-00 64'7 

A1,0, 19-83 19-54.. 18-4 

Fe,0, 0-67 

CaO 019 

MgO 0-24 1-61 

K,0 15-13 12-69 16-9 

u:S\ '■'•' «-^« 

Ign 0-89 0-35 


100-40  99-94  100-0 

The  sodium  and  lithium,  which  are  present  in  only  very 
small  amount,  were  not  separately  determined,  but  the  pres- 
ence of  both  w^as  shown  by  a  spectroscopic  examination  of  a 
solution  in  hydrofluoric  acid.  In  containing  a  small  percent- 
age of  litliium,  this  occurrence  resembles  the  original  weissigite 
from  Dresden,  the  result  of  an  analysis  of  which  by  Jenzsch  is 
given  above  for  comparison  (column  II). 

The  crystals  are  therefore  pseudomorphs  of  orthoclase  after 
laumontite  and  the  compact  material  in  which  they  are 
embedded  doubtless  had  a  like  origin. 

Although  such  pseudomorphs  have  not  been  described  before 
from  a  Canadian  locality  they  have  been  found  in  several 
other  districts,  and  the  following  account  of  some  of  these 
occurrences  is  taken  mainly  from  Blum's  treatise  on  pseudo- 
morphs.* 

In  1853,  Jenzsehf  examined  a  mineral  which  occurs  at 
Weissig,  near  Dresden,  and  which  he  found  to  have  the  com- 
position of  an  orthoclase  with  a  content  of  about  one-half  a  per 
cent  of  lithia  (see  his  analysis  quoted  above)  as  well  as  the  gen- 
eral cliaractei's  of  a  feldspar,  the  hardness  being  6  and  the 
specific  gravity  2-55 :  these  facts,  together  with  the  character- 
istic form  of  the  crystals,  combinations  of  monoclinic  prism 
with  basal  plane,  led  Jenzsch  to  regard  the  mineral  as  a  dis- 
tinct species,  to  which  ho  gave  the  name  weiHsiyite  in  refer- 
ence to  the  locality  at  which  it  occurs.     Weissigite,  however, 

*  Die  Pseudomorphosen,  II,  20  ;  III,  60. 

tN.  Jahrb.  f.  Min.,  396,  1853 ;  405,  1854;  800,  1855. 
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is  found  in  a  porphyritic  amygdaloid,  associated  with  quartz 
and  chalcedony,  conditions  under  which  a  feldspar  had  never 
been  known  to  occur  up  till  that  time;  this,  and  the  similarity 
of  the  form  and  habit  of  the  crystals  to  lanmontite  subse- 
quently  convinced  Jenzsch  that  the  orthoclase  was  not  a  pi*i- 
mary  mineral  in  the  amygdules,  but  that  weissigite  is  in  reality 
a  pseudomorph  of  orthoclase  after  laumontlte,  which  was  the 
view  held  by  Blum. 

Similar  pseudomorphs  are  mentioned  by  Blum  as  occurring 
at  Niederscheld,  near  Dillenburg  in  Nassau.  Flesh-red  crys- 
tals of  the  common  laumontite  habit  are  dispersed  through 
the  greenstone,  associated  with  quartz,  which  often  completely 
envelops  them  ;  calcite  and  prehnite  are  also  present  in  small 
quantity.  The  prism  faces  of  the  crystals  are  striated  verti- 
cally, and  the  crystals  are  often  more  or  less  split  along  the 
directions  of  cleavage  of  the  original  laumontite :  the  altera- 
tion to  orthoclase  is  seldom  complete.  Specimens  of  the  same 
kind  are  also  found  at  Schelder  Eisenwerk,  and  at  Oberscheld, 
where  crystals  an  inch  in  length  occur  in  a  druse. 

At  Beilstein  whole  druses  of  pseudomorphs  of  orthoclase 
after  laumontite  occur  in  an  altered  diabase;  the  crystals, 
which  are  sometimes  more  than  an  inch  long,  have  their  origi- 
nal form  well  preserved,  and  show  the  usual  striae  and  cracks 
along  the  prism  faces;  and  their  pseudomorphous  nature  is 
also  evident  from  the  hollowness  of  many  of  the  crystals. 
There  is  an  almost  identical  occurrence  at  Conradsreuth, 
between  Mlinchberg  and  Hof  in  Fichtelgebirge. 

Lanmontite  is  among  the  minerals  found  in  the  Lake  Supe- 
rior mining  region  of  Michigan,  where  it  occurs  in  clefts, 
coated,  often  completely,  by  calcite,  and  sometimes  also  by 
native  copper.  The  laumontite  is  weathered  and  shows  vari- 
ous stages  of  alteration,  and  has  been  analyzed  by  Lewinstein* 
with  the  following  results ;  I  refers  to  a  brownish  laumontite 
which  readily  crumbles,  breaking  along  the  cleavage  directions, 
whilst  II  is  of  a  more  weathered  material  which  has  become 
firm  and  hard,  and  no  longer  possesses  cleavage. 

I.  II.  Laumontite. 
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*Zeitechr.  f.  Cbem.  a.  Pharm.,  iii  Jahrg.,  1860,  p.  11. 
Am.  Jour,  Soi.— Foubtb  Sbbies,  Vol.  XXII,  No.  127.— July,  1906. 
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These  analyses  were  made  by  dissolving  as  much  as  possible 
of  a  weighed  quantity  of  the  mineral  in  acid,  and  calculating: 
the  results  up  to  100  per  cent  after  deducting  the  weight  of 
the  insoluble  residue.  Hence  they  do  not  show  the  actual 
composition  of  the  material  taken,  although  they  serve  to 
indicate  that  the  percentage  of  lime  falls  off  more  and  more 
as  the  alteration  proceeds,  as  also  does  that  of  the  water  once 
the  hardening  of  the  material  has  commenced,  whilst  the 
alkalis  make  their  appearance  in  increasing  quantities,  render- 
ing probable  the  assumption  that  the  crystals  are  partial  pseudo- 
morphs  of  feldspar  after  laumontite.  Sharp,  well  formed 
crystals  of  adularia,  exhibiting  the  forms  |110(,  |001|,  are 
also  found  at  Lake  Superior,  situated  on  calcite  and  native 
copper,  and  tliese  have  also  been  regarded  as  probably  due  to 
the  alteration  of  laumontite.  On  the  other  hand,  J.  D.  Whit- 
ney* has  called  attention  to  the  very  common  occurrence  of 
orthoclase  in  all  the  mines  of  this  region  ;  he  describes  the 
crystals  as  being  rarely  more  than  a  few  hundredths  of  an  inch 
in  length,  of  a  reddish  color,  arranged  in  bunches  and  geodes, 
and  accompanied  by  native  copper  and  the  zeolites,  the  usual 
vein  minerals  of  the  region.  From  a  consideration  of  the 
relative  manner  in  which  these  minerals  are  associated  with 
one  another,  Whitney  concluded  that  in  this  case  the  ortho- 
clase was  formed  contemporaneously  with  the  accompanying 
minerals,  and  that  it  is  not  a  pseudomorphous  product  of  the 
zeolites ;  from  which  it  would  appear  that  orthoclase  does 
occur  in  the  veins  at  Lake  Superior  as  a  primary  mineral,  asso- 
ciated with  the  zeolites,  etc.,  although,  at  the  same  time,  the 
adularia  crystals  referred  to  above  may  have  had  a  different 
and  secondary  origin,  as  Blum  has  suggested. 

It  is  doubtful  whether  orthoclase  has  ever  been  found 
replacing  laumontite  at  any  of  the  well  known  Scotch  localities 
for  that  mineral,  notwithstanding  the  fact  that  such  pseudo- 
morphs  have  been  described  or  referred  to  by  several  authors. 
In  1848,  Haidingerf  examined  a  number  of  altered  zeolites 
from  Allan's  collection  in  Edinburgh,  among  which  were  some 
flesh-red  crystals  having  the  angles  of  laumontite  but  the  hard- 
ness (6)  and  the  specific  gravity  (2*5  to  2*8)  of  feldspar;  the 
crystals  had  drusy  surfaces  and  were  ill-defined,  ana  in  addi- 
tion were  frequently  hollow  or  else  filled  with  a  dark  green 
stony  material.  These  specimens  were  found  in  the  trap  rock, 
associated  with  quartz,  at  the  Kilpatrick  Hills,  near  Dumbar- 
ton, and  also  at  Calton  Hill,  Edinburgh.  Haidinger  described 
them  as  pseudomorphs  of  feldspar  after  laumontite,  apparently 
relying  on  qualitative  tests  in  their  determination,  since  he 

*  This  Journal,  xxviii.  16,  1859.  \  Sitz.  Akad.  Wien,  in,  95,  1848. 
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gives  no  quantitative  analysis  of  tlie  material  in  the  paper 
referred  to.  It  is  quite  possible,  however,  that  they  were 
pseudoraorphs  of  albite,  and  not  orthoclase,  after  laumontite; 
and  Greg  and  Lettsom  quote  an  analysis  by  Heddle  of  such 
pseudomorphs  from  Kilpatriek,  which  have  the  composition  of 
a  soda  feldspar  containing  about  one  per  cent  of  potash. 
Hintze,  however,  under  orthoclase,,  mentions  pseudomorphs 
after  laumontite  as  occurring  at  Kilpatriek,  and  in  the  same 
paragraph  refers  to  an  analysis  by  Biscliof  which  he  appears  to 
suggest  was  made  on  material  from  this  locality.  The  same 
analysis  is  given  by  Blum,  although  that  author  does  not 
expressly  state  where  Bischof  obtained  his  specimens,  and  on 
referring  to  Bischof  s  original  paper*  I  find  the  same  uncer- 
tainty exists  even  there,  as  it  is  not  at  all  clear  where  the 
material  he  analyzed  came  from.  The  additional  fact  that 
Greg  and  Lettsom  make  no  mention  of  pseudomorphs  of  ortho- 
clase after  laumontite  in  their  Mineralogy  of  Scotland  which 
appeared  in  1858,  several  years  after  these  observations  of 
both  Haidinger  and  Bischof,  lends  considerable  probability  to 
the  view  that  such  pseudomorphs  had  not  at  that  time  been 
found  in  Scotland,  but  that  in  all  the  observed  cases  the  replac- 
ing mineral  had  been  albite;  nor  are  pseudomorphs  of  ortho- 
clase after  laumontite  included  in  the  list  of  British  Pseudo- 
niorphs  published  by  Prof.  Miersf  in  1896.  However,  a 
variety  of  orthoclase  does  occur  at  Kilpatriek,  which  was 
named  erythrite  by  Thomson  J  in  allusion  to  the  flesh-red  color; 
this  he  described  as  a  compact  feldspar,  which  be  never 
observed  in  crystals,  but  there  is  nothing  in  his  description  to 
suggest  that  this  was  of  a  pseudomorphous  nature. 

It  wnll  be  seen  from  the  foregoing  that  pseudomorphs  of 
orthoclase  after  laumontite  are  of  fairly  wide  occurrence, 
although  in  the  specimens  from  many  of  the  localities  the 
alteration  seems  to  be  incomplete,  and  the  crystals  often  more 
or  less  hollow ;  but  in  the  case  of  the  specimens  from  Temple- 
ton  described  in  this  note,  the  crystals  are  invariably  quite 
solid  and  compact,  and,  except  in  the  form,  show  no  trace 
whatever  of  a  former  existence  as  laumontite  material.  In 
this  complete  alteration  to  orthoclase,  a;id,  further  in  the 
small  content  of  lithium,  the  mineral  resembles  the  original 
weissigite. 

The  reverse  change,  from  orthoclase  to  laumontite,  has  been 
ol>served  from  at  least  one  locality,  the  Hdllenstein-Klamm, 
Florenthals,  Tyrol,  where  more  or  less  altered  adularia  crystals, 
usually  coated  with  chlorite,  are  found. 

»  N.  Jahrb.  f.  Min.,  43,  1850.  f  Min.  Mag.,  xi,  p,  268. 

X  PhU.  Mag.,  xxii,  p.  188,  1843. 
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%     Feeiidomorph  after  coru/idum  from  Perth,  Ontario. 

The  specimen  here  described  is  an  unusually  large  and  well 

developed  crystal  of  which  a  pliotograph  is  reproduced  (fig,  2); 

it  is  about  5  iuclies  in  length  aud  the  prism  has  a  diameter  of 

2  inches.     At  tirst  sight  it  somewhat  resembles  a  crystal  of 


black  quartz  with  rough  surfaces,  the  predominant  forme  being 
the  hexagonal  prism  and  bipyramid,  but  it  is  terminated  at 
one  end  by  a  fairly  flat  basal  plane.  It  is  also  found,  on  closer 
inspection,  that  the  edges  between  the  prism  «nd  pyramid  are 
truncated  by  faces  beionginj^  to  a  sleeper  pyramid,  although 
these  can  scarcely  be  distinguished  in  the  photograph ;  the 
lower  end  of  the  crystal  presents  a  somewhat  blunted  appear- 
ance. Tiie  various  angles  were  measured  by  means  of  the 
hand  goniometer,  and  were  found  to  be  those  of  a  corundum 
crystaH  the  fonns  present  being:— a  ;il3o;,7i  |22J3;-,c  iOOOl;, 
and  V  IWSSt  (fig.  3). 

The  crystal  is  almost  entirely  coated  with  black  tourmaline, 
usually  as  a  com|)act  granular  layer  forming  a  fairly  smooth 
surface  ;  but  sometimes  the  grains  are  more  distinct  and  have 
bright  facets,  by  which  the  mineral  can  be  identified,  as  well 
as  by  the  strong  pleochroism  under  the  microscope.  On  one 
side  of  the  specimen  (the  left  hand  of  fig.  3),  however,  the 
crust  consists  of  rounded  grains  of  a  soft,  pale  apple-green 
mineral,  associated  with  some  pink  calcite.  From  the  low 
specific  gravity  of  the  crystal  (G=  2-6  about)  it  was  evident 
tliat  very  little,  if  any,  of  the  original  corundum  remained 
unaltered  in  the  interior,  aud  the  specimen  was  accordingly 
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sawn  in  half  at  right  angles  to  the  prism ;  it  was  found  that 
the  tourmaline  forms  a  thin  outer  shell  (except  on  one  face,  as 
noted  above)  whose  thickness  is  very  uniform  and  seldom 
exceeds  1™™,  and  that  no  visible  trace  of  the  original  corundum 
exists.  The  interior  is  filled  with  a  pale  green  material,  hav- 
ing a  greasy  feel  and  a  hardness  between  2  and  3,  which  is,  in 
fact,  identical  with  that  which  forms  the  outer  surface  on  one 
side  of  the  crystal ;  dispersed  through  this  are  a  few  patches 
of  white  to  pink  calcite,  and  numerous  minute  scales  of 
pennine  and  of  a  silvery  white  mica  (damourite) ;  there  are 
also  one  or  two  small  patches  of  the  granular  black  tourmaline. 
For  the  most  part,  the  green  material  appears  quite  compact 
on  the  smooth  surfaces  obtained  by  cutting  through  the  crystal, 
l>ut  on  a  broken  surface  it  has  a  more  definite  prismfltic  struc- 
ture, with  a  pair  of  fair  cleavages  inclined  at  about  90°.  The 
cleavage  angle  of  these  prisms  could  only  be  determined 
approximately  by  maximum  illumination  measurements  owing 
to  its  irregularity  and  the  dull  lustre.  Thin  flakes  are  trans- 
lucent but  exhibit  no  definite  optical  characters  under  the 
microscope.  The  specific  gravity  is  about  2*6  and  the  streak 
white.  The  mineral  fuses  easily  and  quickly  in  the  Bunsen 
flame  to  a  white  glass,  and  gives  off  water  when  heated  in  a 
closed  tube ;  it  is  insoluble  in  acids.  Owing  to  the  intimate 
mixture  with  calcite,  and  especially  to  the  presence  of  the 
small  pennine  and  damourite  flakes,  it  is  difficult  to  select  a 

Eure  sample  for  analysis,  and   the  material  used  may  possibly 
ave  contained    small  amounts  of   these  minerals.     A  single 
analysis  gave  the  following  : 

SiO, 43-05 

A1,0, 30-28 

Fe,0, 3-30 

MnO 0-49 

CaO 1-85 

MgO 6-70 

K,0   3-68 

Na,0 0-92 

Ignition 10-70 

100-97 

The  above  analysis  serves  at  least  to  show  the  approximate 
composition  of  the  pale  green  material  which  constitutes  the 
main  portion  of  the  interior  of  the  crystal,  so  far  as  can  be 
judged  from  the  surface  exposed  by  sawing  through  the  speci- 
men. This  appears  to  be  a  mineral  of  indefinite  composition 
belonging  to  the  pinite  group.  In  view  of  its  (probable) 
rectangular   cleavages,   it   may    be   noted    that   this   mineral 
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approachevS  in  chemical  composition  to  wilsonite  and  other 
pseudomorphs  after  scapolite,  which  it  further  resembles  in 
having  a  low  fusibility  and  a  density  of  about  2*6 ;  indicating 
that  the  pinite  may  here  also  be  an  alteration  product  of  scapo- 
lite.  The  presence  of  calcite  dispersed  in  patches  throughout 
the  mass  would  be  well  in  accord  with  such  a  replacement. 

It  would  seem,  then,  that  the  original  crystal  of  corundum 
was  lii-st  coated  with  a  thin  layer  of  granular  black  tourmaline ; 
that  the  corundum  kernel  subsequently  underwent  a  pseudo- 
morphous  change  to  some  mineral  having  cleavages  at  90° 
or  nearly  90,°  such  as  scapolite,  and  that  this  in  turn  became 
altered  to  pinite.  I  have  not,  however,  been  able  to  find  any 
description  of,  or  reference  to,  pseudomorphs  of  scapolite  after 
corundum. 

The  exact  locality  of  the  specimen  is  not  known,  but  it 
comes  from  the  apatite  region  of  Perth,  Ontario,  and  it  is 
interesting  that  a  cavity  in  one  of  the  prism  faces  contains  a 
little  transparent  apatite  of  a  pale  greenish  yellow  color. 

The  pseudomorph  is  especially  remarkable  on  account  of 
the  size,  and  the  sharp  outline  and  regularity  of  the  crystal,  in 
which  respects  it  differs  much  from  the  majority  of  corundum 
crystals  from  Canadian  localities,  these  being  usually  much 
smaller  and  not  so  well  developed. 

Chemistry  Building, 

McGiU  University, 
Montreal. 
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Art.  IX. — The  Estacado  Aerolite  ;  Description  by  Kenneth 
S.  Howard  ;  Analysis  by  John  M.  Davison. 


The  aerolite  from  Texas  recently  obtained  by  Ward's  Nat- 
ural Science  Establishment,  as  noted  in  the  Febrnary  issne  of 
this  Journal,  has  been  brought  to  Rochester,  sliced,  and 
analyzed  chemically  and  petrographically. 

What  is  known  concerning  the  fall  of  this  meteorite  is  told 
by  a  resident  of  Hale  Center,  Texas:  "The  best  history  I  can 
give  of  the  meteorite  is  as  follows :  It  was  found  twelve  miles 
south  of  Hale  Center,  which  is  located  in  the  center  of  Hale 
County,  Texas,  in  the  spring  of  1902,  or  rather  that  is  when  it 
was  taken  home  by  R.  A.  McWhorter,  who  has  been  the  owner 
of  it  all  the  time.  In  the  year  of  1882  a  bright  meteor  was 
seen  one  night  by  the  people  of  a  Quaker  colony  called  Esta- 
cado. This  place  is  about  fifteen  miles  southeast  of  where  the 
meteor  was  found.  The  meteor  was  seen  to  pass  to  the  west 
and  fall  northwest  from  them.  At  that  time  this  Quaker  col- 
ony was  the  only  settlement  on  the  whole  Staked  Plains,  and 
the  only  people  outside  of  them  were  a  few  scattering  cowmen. 
In  the  following  year  of  1883  a  few  cowboys,  in  rounding  up  the 
range,  saw  this  meteor  and  the  Estacado  people  felt  certain 
that  this  was  what  they  saw  fall  the  year  before,  and  we  have 
all  considered  it  so."  As  the  region  is  a  stoneless  one,  the 
attention  of  the  people  of  the  vicinity  were  naturally  attracted 
to  this  remarkable  mas6.  The  name  of  the  settlement,  Esta- 
cado, seems  most  appropriate  for  the  aerolite. 

The  weight  of  the  meteorite  before  sawing  was  about  two 
hundred  ninety  kilograms,  it  thus  being  among  the  largest  of 
known  aerolites.  Its  form  was  trapezoidal,  as  shown  by  the 
photographs.  Its  longest  diameter  was  58*5^"',  while  its  other 
two  diameters  measured  iS'T^"  and  44*4'^™.  It  was  cut  in  half 
parallel  to  its  longest  and  shortest  diameters.  Several  slabs 
were  taken  off  at  the  same  time,  one  of  them  being  shown  in 
photograph  3.  The  greatest  vertical  diameter  of  this  slab  is 
about  18^"  back  of  what  was  apparently  the  "nose"  of  the 
meteorite. 

The  exterior  of  the  mass  is  rusty  brown  in  color,  probably 
due  to  terrestrial  oxidation.  The  sawed  slices  of  tne  stone 
show  a  tendency  to  rust  rapidly.  Hardly  any  of  the  coating 
of  the  meteorite  approaches  in  appearance  the  black  of  an 
original  crust.  On  some  of  the  sides  the  oxidation  has  been 
considerable,  a  scale  knocked  off  of  one  side  being  3  to  4"*™ 
thick.     As  shown  by  the  photographs  (tigs.  1,  2),  the  mass  has 
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eight  well-marked  sides,  one  of  wtiicli(Fiii  photograph  3)  looks 
like  an  old  fracture  surface.  The  oxidation  on  this  side  is  less 
than  elsewhere  and  11161*6  is  no  apjisreiit  variation  in  structure  as 
the  edf^e  is  approached,  such  as  there  is  on  the  other  sides. 
The  sides  are  quite  flat,  some  of  them  even  slifjlitly  concave, 
"ing  sides  heing,  for  an  aerolite,  fairly 


the  edges  between  adj< 
angular. 

Hide  A  has  a  smoothed 
"  nose  "  of  the  mass  in  fli 


appearance  and   mav  have  been  the 
ignt.    The  surface  markings  on  this 


FiODBB  3.     Longitudinal  slice  of  Aerolite. 
side  are  not  deep,  while  on  sides  D  and  E,  which  are  opposite 
A,  there  are  well  defined  pitthigs. 

The  stone  is  a  crystalline  chondrite,  its  structure  being  very 
similar  to  the  Pipe  Creek  aerolite,  which  is  also  from  Texas, 
In  Brezina's  classification  Pipe  Creek  is  placed  in  group  Cka. 

The  slab  shown  in  the  photograph  is  SS'l'""  in  lengtn  and 
40'6™  in  height.  The  polished  surface  shows  a  dull  black 
ground  mass  thickly  permeated  with  irregular  particles  of 
nickel  iron.  Roundish  enstatite  chondrules  of  a  more  shiny 
black  are  scattered  througii  the  stone.  Here  and  there  are 
green  olivine  chondrules,  some  of  which  are  larger  than  any  of 
the  black  chondrules.  The  largest  of  the  green  ones,  which  is 
in  the  center  of  the  slice  shown  in  the  photograph  (fig.  3), 
meaenres  about  I™  in  length. 
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Tlic  slice  also  shows  some  otlier  interesting  markings.  Some 
live  centinietei-s  from  the  center  toward  the  smaller  end  a 
straight  dark  line  (ah)  nms  across  the  meteorite  at  an  inclina- 
tion of  about  15^  from  the  vertical.  It  passes  jnst  to  one  side 
of  one  of  the  olivine  cliondrules  shown  in  tlie  photograph. 
Parallel  to,  and  15™  from,  tide  A  is  an  irregular  and  some- 
what broken  line  composed  of  the  metallic  particles.  This 
line  rnns  from  the  edge  of  side  F  oeariy  to  the  edge  of 
side  B. 

Tlie  line  also  shows  on  some  of  the  otlier  slabs,  and  on  one 
of  them,  jnst  before  it  reaches  the  edge  of  side  B,  it  turns  and 
runs  parallel  with  the  edge  for  a  couple  of  centimeters.  On 
the  various  slabs  the  metallic  lines  are  at  different  distances 


from  side  A,  indicating  that  a  seam  of  this  material  passes 
through  the  meteorite  obIi(fiiely  to  the  cut  surface.  From  the 
edge  of  side  F,  which  shows  comparatively  ^hght  oxidation, 
three  indistinct  veins  nin  into  the  meteorite.  l?iey  are  black, 
indefinite  in  outline,  and  somewhat  branchim;. 

A  petrological  analysis  hy  "W".  Harold  Tomlinson  of  Ger- 
mantown,  Pa.  shows  that  the  mineral  constituents  are  olivine 
and  enstatite.  Some  pyrrhotite  was  also  found.  Mr.  Tomlin- 
son remarks:  "The  olivine  and  enstatite  occur  hotli  as  graint 
and  as  chondri.  The  grains  of  olivine  contain  frequent  inclu- 
aions  of  smaller  gi-ains  and  of  iron,  and  occasionally  have  gase- 
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ous  inclusions.  The  inclusions  in  the  enstatite  are  generally 
parallel  to  the  cleavage."  He  found  the  specific  gravity  to  be 
3*60.  The  microphotograph  (fig.  4)  was  made  between  cross 
nicol  prisms,  the  magnification  being  about  forty  diameters. 

II 

Chemical  Analysis  by  John  M,  Davison, 

The  specific  gravity  of  the  Estacado  aerolite  is  3'63.  The 
metallic  part  was  separated  with  a  magnet,  and  the  slight 
amount  of  adhering  stony  matter  determined  and  deducted. 

The  stony  part  was  separated  by  hydrochloric  acid  into  a 
soluble  and  an  insoluble  portion.  The  insoluble  portion  was 
digested  with  a  solution  of  Na,CO,  and  the  dissolved  SiO, 
added  to  that  dissolved  by  HCl.     This  analysis  gave 


Metallic 16-41  per  cent. 

Soluble  in  HCl...  4109       " 
Insoluble  in  HCl  .  42-60       " 


Stony    -< 


100 


Analyses  of  these,  omitting  minor  constituents  and  calcu- 
lated to  100,  gave 

MetaUic.  Soluble  in  HCl.  Insoluble  in  HCl. 

Fe. 89-45  SiO 32-00  SiO, 63o7 

Ni 9-99  MgO 32-02  MgO 2345 

Co 0-56  FeO.. 31-60  FeO 9-54 

CaO 4-38  CaO 3-44 


100  100  100 

The  stony  part  appears  to  be  mainly  olivine  and   enstatite. 
The  analysis  of  the  entire  mass  gave  the  following  percentages : 

Fe 14-68         A1,0, 3-60 

Ni 1-60         NaO 2-07 

Co 0-08         K,0 0-32 


Cu trace         TiO  found  but  not  determined 

C  found  but  not  determined         Cr,0,     "       "      "  " 

S 1-37         MnO      ''       "      "  " 


P 0-15  

Si(X 35-82  100-95 

Fed 15-53         LessOforS -68 


MgO 22-74  

CaO 2-99  100-27 
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Of  the  S  found  0*82  per  cent  came  from  the  metallic  and 
the  portion  soluble  in  HCl,  and  0*55  per  cent  from  the  insolu- 
ble portion  fused  with  Na,CO,.  In  this  fusion  the  crucible 
was  screened  by  a  close  fitting  asbestos  board,  and  a  blank 
experiment  slioweii  that  there  was  no  contamination  from  the 
gas  flame.  This  distribution  of  the  S  would  indicate  that 
nearly  half  of  the  troilite  was  embedded  in  the  enstatite  pro- 
tected from  action  of  acids. 

From  3*9597  grams  of  the  aerolite  0*025  gm.  of  chromite 
was  separated  by  repeated  treatment  with  HFl  and  other  acids. 
"With  tlie  chromite  were  a  few  minute  particles  of  a  transparent 
colorless  mineral  that  had  survived  this  usage,  though  evidently 
attacked. 

Search  was  made  for  ZrO,,  with  negative  result. 
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Art.  X. — On  Stibiotantalite:  by  S.  L.  Penfield  and  W.  E. 

Ford. 

Historical, — Stibiotautalite  was  first  described  by  G.  A. 
Goyder*  in  1892  and  more  minutely  in  1893,  as  occurring  in 
rounded  water-worn  fragments  in  the  tin-bearing  sands  of 
Greenbuslies,  West  Australia.  No  crystals  were  observed,  but 
it  was  evident  from  the  cleavage  of  the  material  and  its  action 
on  polarized  light  that  it  possessed  a  crystalline  structure,  and 
it  was  assumed  that  it  belonged  to  the  orthorhombic  system, 
though  no  convincing  evidence  was  brought  forth.  An  analy- 
sis, which  is  quoted  later  in  this  article,  indicated  that  the  min- 
eral is  essentially  a  combination  of  oxides  of  antimony  and 
tantalum,  with  some  niobium  and  a  very  little  bismuth,  but  no 
fornmla  was  suggested.  The  physical  properties  were  given  as 
follows : — Hardness,  5  to  5'5.  Specific  gravity,  7'37.  Luster, 
adamantine  to  resinous.  Color,  pale  reddish-yellow  to  green- 
isli-yellow.  Fracture,  subconchoidal  to  granular.  Within  the 
past  few  years  a  considerable  quantity  of  this  material  has 
become  available  to  collectors  through  the  agency  of  several 
mineral  dealers. 

Crystals  from  Mesa  Grande,  San  Diego   County,  California,  a 

New  Locality, 

The  material  from  Mesa  Grande  was  brought  to  the  atten- 
tion of  the  present  writers  by  Mr.  Ernest  Schernikow  of  New 
York.  It  was  observed  by  him  as  occurring  very  sparingly 
with  the  wonderful  tourmaline  crystals  found  at  the  locality 
and  described  by  Sterrett,t  and  great  pains  were  taken  to  have 
every  crystal  and  fragment  carefully  saved.  In  all,  some 
twenty-tive  crystals  have  been  found,  representing  several  years 
savings  from  a  vast  amount  of  material,  so  it  may  be  considered 
a  rare  mineral  at  the  locality.  Associated  with  it,  besides  the 
tourmaline  already  referred  to,  are  large  and  wonderfully 
beautiful  crystals  of  pink  beryl  of  unusual  habit,  fine  crystals 
of  quartz,  orthoclase  and  lepidolite,  and,  as  a  great  rarity,  cas- 
siterite.  Thp  orthoclase  is  generally  kaolinized  to  a  considera- 
ble extent.  Several  crystals  of  stibiotantalite  were  observed 
grown  on  to,  or  over,  pink  tourmaline ;  one  group  has  attached 
to  it  a  little  feldspar  and  lepidolite ;  the  others  are  all  detaclied 
crystals  and  some  of  them  are  doubly  terminated.  None  of 
the  detached  crystals  show  fresh  fractures,  and  they  evidently 
were  found  loose  in  the  deposit.     Stibiotantalite  appears  to  be 

♦  Proceedings  Chem.  Soc,  1892,  9,  p.  184.    Journal  Chem.  Soc,  1893,  Ixiii, 
p.  1076. 

t  This  Journal  (4),  xvii,  p.  459,  1904. 
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of  later  origin  tlian  the  tourmaline  and  lepidolite,  though 
undoubtedly  it  was  one  of  the  primary  minerals  of  the  deposit. 
The  crystals  are  mostly  of  a  rich  dark-brown  color,  with 
resinous  to  adamantine  luster.  Fragments  look  exactly  like 
the  resinous  variety  of  sphalerite,  and  a  few  pieces  were  found 
of  light  brown  color,  transparent,  and  so  closely  resembling 
the  well  known  sphalerite  from  Picos  de  Europa,  Spain,  that 
by  appearances  the  two  can  not  be  told  apart. 

Stibiotantalite  crystallizes 
in  the  orthorhombic  system 
and  is  hemimorphic.  With 
few  exceptions,  the  habit  of 
the  crystals  gives  no  sugges- 
tion of  hemimorphic  develop- 
ment , which,  according  to  the 
orientation  adopted,  is  in  the 
direction  of  the  bracliv-  or  a- 
axis.  All  the  crystals  that 
have  been  studied  are  poly- 
synthetic  twins,  thus  causing 
them  to  imitate  the  symmetry 
of  the  normal  group.  In 
habit  they  resemble  colum- 
bite,  and,  as  will  be  shown, 
the  two  minerals  are  related 
both  in  chemical  composition  and  axial  ratio.  In  order  to 
bring  out  the  crystallographic  relationship,  however,  it  has 
been  necessary  to  assign  rather  complex  symbols  to  some  of 
the  forms  of  stibiotantalite,  but  it  is  believed  that  it  is  better 
to  do  so  than  to  give  simpler  symbols  to  the  forms  and  refer 
them  to  other  axes.  The  axial  ratio  of  the  two  minerals  are  as 
follows : 

Stibiotantalite a  :  b  ,  c  =  0-7995  :  1  :  0*8448 

Columbite a  :b  :  c  =  0-8-285  :  1  :  0*8897 

The  forms  observed  on  stibiotantalite  are  shown  in  stereo- 
graphic  projection  in  figure  1,  but,  owing  to  polysynthetic 
twinning,  it  is  impossible  to  state  as  regards  some  of  them 
whether  they  occur  both  in  front  and  behind,  or  intersect  only 
one  end  of  the  brachy-axis,  as  demanded  by  hemimorphism. 
The  symbols  are  as  follows : 


a 


a 


(100) 

(loo) 

m  (llO)or(IlO)? 

q   (130) 
q'  (laO) 


V  (209) 

V  (*-'09) 

h  (203),  probably  also  A'  (503) 
h  (043) 
w  (412-9)  probably  also  w*  (4*12*9) 


Penjield  and  Ford — Stihiotantalite, 


63 


// 


The  only  crystals  observed  wliich  exhibit  a  marked  hemi- 
morphie  development  are  represented  in  fignres  2,  3  and  4. 
They  are  orientated  according  to  pyroelectric  deportment,  the 
a  faces  to  the  front  all  developing  negative  electricity  on  cool- 
ing, as  tested  by  the  carmine-snlphur-jycopodium  mixture 
suggested  by  Biirker.*  The  crystal  shown  by  figure  2  has  at 
the  top  two  ridges  and  a  valley,  but  no 
reentrant  angle  at  the  sides :  The  two 
ridges  on  cooling  develop  positive,  and  the 
valley  negative  electricity.  This  crystal 
is  a  polysynthetic  twin,  and  may  be  taken 
as  a  type  for  illustrating  the  structure  of 
other  crystals.  The  vertical  axis  is  the 
twinning  axis,  and  the  macropinacoid  a  the 
composition  face.  If  it  is  assumed  as  in 
figure  5  that  a  hemimorphic  crystal  has  the 
prism  g  (130)  and  the  aome  17  (209)  inter- 
secting the  front  end  of  the  a-axis  only, 
a  lamella  in  twin  position,  figure  6  (as  indi- 
cated by  the  letters  underlined),  would 
give  a  ridge  and  a  valley  at  the  top,  cor- 
responding to  figure  2,  but  also  reentrant 
angles  at-  the  sides,  which  do  not  occur 
on  the  crystal  shown  in  figure  2.  It  seems 
therefore  necessary  to  assume  that,  in  addi- 
tion to  g  to  the  front,  there  is  a  corre- 
sponding g'  (l30)  behind  and,  as  will  be 
shown,  also,  an  17'  (209)  behind,  figure  7 : 
These  forms  appear  in  twin  position  as 
shown  in  figure  8,  and  an  interspersed  twin 
lamella,  as  in  figure  9,  may  then  show  at 
the  sides  the  prism  g'  corresponding  in 
direction  with  g.  The  prism  lettered  gr,  figure  2,  is  therefore  to 
be  regarded  as  a  composite  face,  composed  partly  of  g  and  partly 
of  g\  At  the  top  of  such  a  crystal  there  may  be,  as  in  figures  2  and 
9,  a  ridge  and  a  valley,  provided  that  iji  the  twin  lamella  there 
occurs  in  connection  with  gr'  not  17'  sloping  to  the  front  but  77 
sloping  behind.     As  a  matter  of  fact,  only  a  few  of  the  crystals 

♦  Annalen  der  Physik,  1900,  I,  p.  474.  Note.  BQrker  states  that  with  this 
mixture  carmine  goes  to  positively  electrified  snrfnces  and  snlphnr  pins 
lycopodinm  to  negative,  which  seems  contrary  to  reason,  for  snlphnr  should 
become  strongly  negatively  electrified  by  agitation  and  go  to  a  positively 
electrified  snrface,  the  same  as  with  the  method  of  dusting  with  red  oxide 
of  lead  and  sulphur.  As  a  matter  of  fact,  salphur  does  go  to  the  positively 
electrified  pole,  but  each  grain,  as  may  be  seen  with  the  microscope,  is 
loaded  with  a  fine  dust  of  carmine  and  gives  a  red  effect.  The  lycopodium, 
on  the  other  hand,  goes  to  the  positive  pole,  and  is  very  free  from  any 
admixture  of  either  carmine  or  sulphur,  hence  it  gives  with  the  sulphur- 
carmine  mixture  a  strong  and  sharp  contrast  of  color. 


a 


f/ 
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show  reentrant  angles  at  tlie  top,  and  the  faces  of  later  figures 
lettered  t)  or  r}'  must  in  reality  be  regarded  as  composite,  made 
up  partly  of  17  and  partly  of  17'. 

Figures  3  and  4  both  show  hemimorphic  character  by  the 
development  of  1;'  behind,  but  this  face  is  in  reality  com- 
posite, composed  in  part  of  t)  in  twin  position.  Figure  3 
shows  prominent  reentrant  angles  at  the  sides,  compare  figure 
6 :   none   of  the   other  crystals  show  these  so   prominently, 


a' 


[p , 


n' 


a 


-3^ 


and  as  a  rule  reentrant  angles  are  so  small  as  to  give  the  effect 
of  fine  striations  parallel  to  the  vertical  axis,  or  a  rounding  of 
the  obtuse  edge  between  g  and  (j\  as  if  resulting  from  oscilla- 
tory combination,  figure  4.  The  crystal  represented  by  figure 
4  is  the  only  one  showing  any  prominent  development  of  a 
replacement  of  the  edges  between  a  and  g\  the  form,  how- 
ever, is  so  striated  and  distorted  by  the  development  of  vicinal 
faces  that  no  satisfactory  measurements  could  be  obtained;  it 
approximates  to  (301)  respectively  (SOl),  but  the  symbols  are 
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questionable.  The  pyramid  w  is  developed  to  so  slight  an 
extent  and  the  crystals  are  so  complicated  by  polysynthetic 
twinning  that  it  is  impossible  to  state  whether  it  occurs  only 
in  front  or  only  behind;  hence  it  is  assumed  that  both  forms, 
\o  (4.12.9)  and  w'  (1.12.9),  arc  present.  With  the  exception  of 
the  three  crystals  just  described,  the  general  habit  is  like  that 
of  the  normal  group  of  the  orthorhombic  system,  as  illustrated 
by  figures  10  to  13,  in  which  the  forms  are  represented  with 
ideal  symmetry,  whereas  they  all  show  vertical  striations  on 
the  pinacoid  and  prism  faces,  and  some  rounding  of  the  edges 
between  g  and  g' ,     One  crystal  only,  figure  12,  is  shorter  iu 
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t}ie  vertical  than  the  horizontal  direction.  The  largest  crystal 
of  the  types  illustrated  is  sIiowd  in  about  natural  size  iu  Hgure 
13,  which  meaeureti  iu  the  direction  of  the  a,  h  and  c  axes, 
respectively,  6x25x80°"°,  while  the  remaining  ones  average 


about  one-foiirtli  this  size.  Figure  14  shows  in  detail  one  of 
the  corners  of  the  crystal  idealized  in  figure  13;  it  is  rather 
unusual  in  showing  the  r\  and  ri\  and   \o  and  w    faces  with 


intrant  and  salient  angles,  while  the  g  and  g'  faces 
are  finely  striated  and  round  into  one-another.     At  the  oppofiite 
end  of  the  crystal  the  ij  and  w  faces  appear  without  reentrant 
angles. 
Af.  Johb.  Sci.— Fourth  Series,  Vol.  XXII,  No.  127,— July,  IflOB. 
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The  general  resemblance  to  columbite  is  shown  by  the 
prominent  development  oft  both  species  of  the  macropinacoid 
a,  parallel  to  which  stibiotantalite  has  a  highly  perfect  and 
columbite  a  distinct  cleavage,  while  both  minerals  have  an 
indistinct  cleavage  parallel  to  the  brachypinacoid  h  (010). 
The  prism  g  is  always  present  on  stibiotantalite,  while  on 
colnmbite  it  is  seldom  wanting  and  often  prominent.  The 
maerodome  h  occurs  on  both  minerals  but  is  not  common, 
while  the  prominent  development  of  rather  flat  macrodomes, 
t)  (209)  on  stibiotantalite,  and  I'  (103)  and  I  (106),  respectively 
(206)  and  (2.0.12),  on  columbite  is  a  feature  common  to  both 
species.  The  pyramid  to  (4.12.9),  although  not  occurring  on 
columbite,  is  in  the  same  vertical  zone  as  two  of  its  prominent 
pyramids,  s  (268)  and  u  (133),  respectively,  (4.12.6)  and  (4.12. 
12).  If  the  crystals  of  stibiotantalite  were  black  and  of 
metallic  luster  they  certainly  might  be  mistaken  for  columbite, 
because  of  similarity  in  appeamnce,  habit,  occurrence  and 
association.  Columbite,  it  should  be  stated,  is  not  hemimor- 
phic  and  does  not  exhibit  pyroelectricity. 

Crystals  of  stibiotantalite  show  certain  peculiarities  as 
regards  the  development  of  the  forms  and  the  character  of 
the  surfaces,  as  follows: — 

The  macropinacoids  a  and  a\  which  are  generally  the  most 
prominent  of  all  the  forms,  have  a  bright  luster  and  are 
usually  striated  vertically,  the  stride  being  rather  tine  and 
seldom  giving  rise  to  much  rounding  or  irregularity  of  the 
surface  :  on  a  few  crystals  they  appear  almost  free  from 
striations.  Both  (100)  and  (lOO)  occur  without  any  apparent 
dift'erence,  except  when  tested  for  j)yroelectricity,  and  then  it 
generally  appears  that  the  same  surface  develops  two  kinds  of 
electricity  owing  to  twinning  and  interpenetration. 

The  prisms  <j  (130)  and  (/  (130)  are  present  on  all  of  the 
crystals  and  are  always  striated  vertically,  due  to  polysynthetic 
twinning  and  in  part  perhaps  to  oscillatory  combination,  both 
causes  giving  rise  to  a  rounding  of  the  edge  between  g  and  g\ 
or  as  is  frequently  the  case,  to  a  considerable  distortion  when 
one  prism  face  predominates  over  the  other,  figure  14.  In 
almost  all  of  the  crystals,  however,  portions  of  the  prismatic 
faces  are  quite  free  from  striations,  so  that  good  measurements 
may  be  had.  Any  modification  of  the  edge  between  a  and  g 
was  rarely  ol)served.  On  two  crystals  distinct  replacements, 
indicating  the  presence  of  a  prism  corresponding  to  m  (110) 
or  m'  (1 10)  were  noted,  but  the  faces  were  too  poorly  developed 
to  orive  good  measurements;  compare  figure  15. 

The  macrodomes  17  (209)  and  7;'  (209)  are  prominent  on  all 
of  the  crystals  as  shown  by  the  figures.  A  single  face  is 
generally  composed  of  both  7/  and  rt  as  explained  on  page  68. 
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The  domes  are  generally  free  from  Btriations  and  dull  in  com- 
parison witli  the  other  faces,  appearing  as  if  corroded,  but 
on  a  few  of  the  crystals  they  are  bright  and  somewhat  striated, 
not  sufficiently  so,  however,  to  interfere  with  measurements. 
The  domes  h  (203)  and  perliaps  k'  (203)  ocetir  on  only  a  few  of 
the  crystals,  two  of  which  are  shown  as  nearly  as  possible  in  true 
proportions  in  figures  2  and  15.  On  both  crystals  the  surfaces 
were  sodnll,  seemingly et<;hed,  that  on  ,„ 

the  goniometer  they  gave  no  reflections 
of  tiie  signal,  but  by  placing  bits  of  mi- 
croscopic cover  glass  against  the  faces 
satisfactory  measurements  were  ob- 
tained which  leave  no  doubt  as  to 
the  correctness  of  the  symbol.  Owing 
to  the  interposition  of  a  twin  lamella, 
the  dome  h,  in  front,  shown  in  iigure 
15,  e.xtends  only  about  one-third  way 
across  the  crystal. 

The  pyramid  w  (4.12.9)  appears  on 
only  a  few  of  the  crystals,  is  never 
very  prominent  and  its  development 
is  so  complicated  by  poly  synthetic 
twinning,  that  it  is  dithcult  to  state 
whether  it  occurs  in  front  (i.12.9),  or 
behind  (1.12.9),  or  in  both  position8. 
The  pyramid  faces  are  often  striated 
paraile"!  to  the  edge  4.12.9 ,si.l2.!t,  as 
if  in  oscillatory  combination,  and  fre- 
tjuently  distinct  reentrant  aiiglesoccur, 
figures  3,  14,  and  15,  which  indicate 
rather  that  the  striations  result,  in 
part  at  least,  from  polysynthetic  twin- 
ning. The  pyramid  faces  generally  have  bright  surfaces  which 
yield  good  reflections  even  when  the  aceom|)anying  dome  faces 
are  dull. 

A  basal  plane  c  and  bracliypinacotd  h  have  not  been  ob- 
served, but  occasionally  owing  ti>  oscillatory  combinations  of 
^■^g',  or  as  a  result  of  polysynthetic  twinnmg,  a  striated  sur- 
face results,  approximating  in  position  to  h. 

The  surfaces  as  a  whole  are  not  the  best  for  reflecting  light, 
and  striaiions  gave  rise  to  further  difficulties,  but  it  is  believed 
that  the  measurements  and  axial  ratios  derived  therefrom 
most  be  very  nearly  correct. 

The  crystal  shown  in  figure  Ifi,  considerable  portions  of 
which  are  missing,  is  unique.  It  measures  ai)oiit  5™  in  length, 
4  in  height  and  3  in  thickness,  respectively  in  the  directions  of 
the  a,  c  and  b  axes,  and  weighs  150  grams  (over  5  ounces),  or 
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six  times  as  much  as  the  next  largest  crystal,  which  is  of  the 
type  shown  by  figure  13.  It  was  found  at  a  considerably  later 
period  than  the  other  crystals,  and  at  a  different  part  of  the 
deposit.  It  was  picked  up  in  two  pieces,  and  the  fracture  sur- 
faces do  not  appear  fresh,  as  if  recently  broken  in  taking  the 
crystal  from  tlie  matrix.  Originally  it  must  have  been  quite 
symmetrical  in  development  and  in  shape  about  as  shown  in 
hgure  17,  which,  as  is  also  the  case  with  figure  16,  is  drawn 
with  the  a  faces  to  tlie  right  and  left,  instead  of  front  and 
back,  in  order  to  show  the  form  to  best  advantage.  It  was 
attached  at  the  lower  left-hand  corner  to  pink  tourmaline,  bits 
of  which  are  still  adhering  to  it.  The  upper  and  lower  edges, 
and  a  considerable  portion  of  the  lower,  right-hand  corner 
have  been  broken  away.  The  a,  a'  faces  to  the  right  and  left 
are  fresh-looking  cleavage  surfaces;  and  whether  the  pina- 
coids  a  and  a'  were  originally  present,  as  shown  in  figure  17, 
or  whether  adjacent  g  faces  came  together  at  the  acute  edges, 
cannot  be  told. 

The  habit  of  this  crystal  is  entirely  different  from  that  of  the 
others,  and  the  peculiarities  of  its  surface  are  also  different. 
The  brachydome  S  (043)  has  been  observed  only  on  this  crys- 
tal. The  prism  g  is  not  striated  vertically.  The  surfaces  are 
all  etched,  so  that  only  measurements  with  a  contact  goni- 
ometer may  be  had,  but  these  all  agree  with  those  obtained 
from  other  crystals.  Tlie  best-formed  etchings  on  the  prism  g 
are  rather  deep  depressions,  shaped  about  assliown  in  figure  16, 
though  the  majority  are  much  more  rounded :  in  places  they 
join  one-another,  giving  rise  to  furrows  running  irregularly 
over  the  surface.  The  etchings  on  tlie  brachydome  S  are  long 
depressions,  some  of  them  quite  deep,  while  those  on  the  pyra- 
mid w  are  also  long,  but  somewhat  comma-shaped,  the  tails 
()ointing  away  from  the  edge  w  ^  S,  The  crystal  is  light  yel- 
owish-brown  in  color,  more  transparent  than  any  of  the  others, 
and  has  a  specific  gravity  of  6*69. 

The  crystal  is  a  polysynthetic  twin,  though  the  outward 
form  gives  no  evidence  of  it.  The  two  large  fragments  which 
make  up  the  specimen  do  not  of  themselves  exhibit  pyroelec- 
tricity,  probably  because  of  numerous  cracks  running  through 
the  material,  l)ut  a  small  homogeneous  fragment,  when  tested, 
exhibited  alternatinir  bands  of  positively  and  negatively  excited 
material,  remarkably  uniform  and  not  over  2"""  in  width. 

Throughout  a  portion  of  its  interior  the  crystal  is  curiously 
cavernous,  although  the  exterior  is  firm  and  consists  of  remark- 
ably pure,  transparent  material.  The  cavity  looks  as  though 
it  had  been  eaten  out  by  some  solvent,  and  is  lined  with  some 
secondary  material  which  without  endangering  the  specimen 
could  not  be  gotten  out  in  sufticient  quantity  for  a  satisfactory 
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test.  Resting  on  this  secondary  material  are  a  few  very 
minute  pyramids  of  eassiterite. 

Pyroelectricity. — Tlie  pyroelectric  phenomenon  which  is 
exhibited  by  all  of  the  crystals  is  a  matter  of  interest  It 
reveals  a  complex  poly  synthetic  twinning  structure,  as  the 
result  of  which  the  crystals  with  few  exceptions  appear  as  if 
they  possessed  normal  orthorhombic  symmetry.  £ach  crystal 
has  its  own  peculiar  polysynthetic  development,  and  it  seems 
sufficient  to  select  a  few  examples  as  types,  in  which  the  dis- 
tribution of  the  electrically  excited  surfaces  is  indicated  dia- 
grammatically,  as  in  the  accompanying  plate,  page  63.  The 
crystals  are  represented,  as  it  were,  unfolded ;  there  is  given 
first  a  top  view,  then  in  turn  views  of  the  front,  right-hand 
side,  bacK  and  left-hand  side.  Lower  ends  have  not  been 
represented  because,  with  few  exceptions,  they  are  fracture 
surfaces.  As  stated  on  page  63,  the  crystals  were  tested  for 
pyroelectricity  with  a  mixture  of  carmine,  sulphur  and  lycopo- 
dium,  with  which  negatively  and  positively  electrified  surfaces 
are  coated  respectively,  white  by  lycopodium,  and  red  by  sul- 
phur coated  with  carmine.  In  the  diagrams  the  negative  sur- 
faces are  indicated  by  white  (lycopodium),  the  positive  by 
cross  lines  (red,  sulphur  and  carmine),  while  the  neutral,  brown 
surface  of  the  crystals  is  simply  lined.  The  diagrams  illustrate 
how  irregularly  the  lamellae  are  intergrown  and,  to  a  certain 
extent,  how  complex  the  twinning  really  is,  but  they  do  not  do 
the  subject  full  justice,  for  often  the  lamellae  are  very  thin 
and  red  and  white  alternate  in  bands,  too  narrow  to  be  repre- 
sented by  line  drawings. 

Two  pebbles  of  the  stibiotantalite  from  Greenbushes,  Aus- 
tralia, belonging  to  the  Brush  Collection,  were  tested  for  pyro- 
electricity,  but  in  their  entirety  gave  no  effect ;  when  broken 
up,  however,  small  homogeneous  pieces  gave  the  reaction  dis- 
tinctly, and  it  may  be  assumed  that  failure  to  get  a  response 
from  the  larger  pebbles  is  because  of  the  numerous  cracks  which 
permeate  the  material. 

Crystul  MeoHurenients, — The  measured  and  calculated 
angles  are  as  follows : — 
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From    the  measurements  marked  by  an  asterisk  the   axial 
ratio  given  on  page  62  was  calculated. 
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Orthorhombic  symmetry  was  shown  by  the  measurements  of 
gy\W  in  four  upper  octants  of  one  crystal,  which,  though  vary- 
ing from  39*^  15'  to  39°  25',  are  as  nearly  alike  as  the  charac- 
ter of  the  reflections  warrant.  The  crystal  on  which  these 
measurements  were  made  is  the  one  shown  in  figure  15,  where 
the  difitribntion  of  the  w  faces  is  like  that  of  the  normal 
group  of  the  orthorhombic  system,  owing  perhaps  to  poly- 
syntnetic  twinning. 

Optical  Properties, — Thin  sections  cut  parallel  to  the  three 
pinacoids,  when  examined  in  polarized  light,  all  showed 
extinction  parallel  to  directions  corresponding  to  the  crystal- 
lographic  axes.  Some  of  the  sections  were  not  uniformly 
colored  throughout,  some  portions  being  darker  than  others, 
but  whether  this  phenomenon  is  due  to  any  essential  variation 
in  chemical  composition  or  not  has  not  been  determined.  It 
is  believed  that  if  the  difference  in  color  indicates  any  varia- 
tion in  chemical  composition,  it  is  probably  slight. 

The  indices  of  refraction  vary  somewhat  for  crystals  of  dif- 
ferent specific  gravity.  Detenninations  have  been  made  on 
two  crystals ;  one  having  a  specific  gravity  of  6*818,  and  the 
other  of  6*299.  In  both  cases  the  indices  of  refraction  were 
determined  from  two  prisms ;  one  with  a  face  parallel  to  the 
base  and  its  edge  parallel  to  the  a-axis,  which  gave  with  90° 
incidence  the  values  for  rays  vibrating  parallel  to  the  a  and  h 
axes,  respectively,  /8  and  a  ;  the  other  prism  with  its  edge 
parallel  to  the  c-axis  gave  the  value  7.  The  optical  orienta- 
tion is  therefore  a=b,  J=a  and  c-t.  With  basal  sections,  also, 
2H  acute  was  measured  in  potassium  mercuric  iodide  solu- 
tion, 7iy= 1*7156.  The  values  for  the  two  crystals  are  as 
follows : — 

Specific  gravity  6*818,  corresponding  to  about  39  per  cent 
TajOg  and  17*5  per  cent  Nb^O^. 

a  p  y         2Vy  Calculated  y^a 

For  Li 2-3470  2-3'750  2*4275  .-.   73°  40'   0805 

"  Na  ...  2*3742  2-4039  2-4568.*.   75   5   0826 

"  Tl 2-4014  2-4342  2-4876.-.    77  38   -0862 


(( 


Na 2ira  =  119°  10'  .-.  2  V  =  75°  58' 


Specific  gravity  6*299,  corresponding  to  about  22*5  per  cent 
Ta^O^  and  30  per  cent  Nb,0,. 

a  p  y         2V,  Calculated  y—a 

For  Li 2-3686  2-3876  2*4280  .-.      7o"     0'       -0594 

"   Na 2-3977  2-4190  2-4588.*.       73     25        -0611 

"   Tl 2-4261  2-4508  2-4903.-.       77     50       -0642 


« 


Na        ^Ha  =  113°  11'  .-.  2  V  =  72°  37' 


72  Penfield  and  Ford — StibiotantalUe. 

As  may  be  seen  from  the  above,  the  mineral  is  characterized 
by  an  unusually  high  index  of  refraction,  the  values  7  for 
yellow,  2*4568  and  2*4588,  being  somewhat  higher  than  that  of 
diamond,  2*418,  and  considerably  above  that  of  sphalerite, 
2*369,  yet  so  near  the  latter  that,  both  minerals  being  of  the 
same  color  and  possessing  good  cleavage,  it  is  evident  that 
fragments  of  the  two  must  look  exactly  alike.  An  unusually 
strong  di8pei*sion,  p  <  u,  is  a  marked  feature  of  the  mineral, 
and  also  a  nigh  birefringence,  7 — a  for  yellow  being  for  the 
crystal  of  higher  specific  gravity  *0826,  and  for  the  other 
*0611.  The  character  of  the  birefringence  is  positive.  The 
plane  of  the  optical  axes  is  the  macropinacoid  (100),  and  the 
vertical  axis  c  is  the  acute  bisectrix. 

The  div  ergence  of  the  optical  axes,  2  F,  is  so  great  that 
2^  can  not  be  observed  ;  in  fact,  the  njean  index  of  refraction 
of  the  mineral  is  so  far  above  that  of  our  highest  refractive 
liquids  that  it  was  with  the  greatest  difficulty  that  211  could 
be  observed  :  This  was  due  in  part  to  the  fact  that  the  sections, 
prepared  from  the  same  crystals  from  which  the  prisms  were 
cut,  contained  some  dark  inclusions  which  interfered  with  the 
transmission  of  light.  211  therefore  was  measured  only  for 
sodium  light,  the  illumination  from  lithium  and  thallium 
flames  being  too  weak  to  yield  distinct  interference  jfigures. 
It  seems  rather  anomalous  to  have  211  acute  as  high  as  119° 
and  113°,  but  this  is  due  to  the  very  high  index  of  refraction 
of  the  mineral.  In  both  crystals  the  agreement  between  the 
values  of  2  F,  as  calculated  from  the  three  indices  of  refrac- 
tion and  from  2//a,  are  as  satisfactory  as  could  be  expected, 
considering  the  difficulties  encountered  in  preparing  the 
prisms  and  sections,  and  making  the  measurements.  As 
shown  by  the  tabulated  results,  tlie  substitution  of  NbjO^ 
for  TagO^  causes  a  slight  increase  in  the  values  of  the 
indices  of  refraction,  a  decrease  in  birefringence  (7  — a)  and, 
except  in  the  case  of  thallium,  a  decrease  in  2  V.  The  dis- 
persion is  much  more  marked  in  the  crystal  of  lower  specific 
gravity,  the  diflferences  of  2  T'for  green  and  red  being  in  the 
one  about  4°  and  in  the  other  about  7°. 

Chemical  Corn jjosit ion, — For  chemical  analysis  two  crystals 
were  employed,  one  having  a  specific  gravity  of  0-72,  and  the 
other  5*98.  The  method  of  analvvsis  was  as  follows :  The 
mineral  was  dissolved,  without  heating,  in  hydrofluoric  acid  in 
a  platinum  dish,  and  the  antimony  and  bismuth  precipitated 
by  hydrogen  sulphide.  The  precipitate  was  collected  on  a 
filter  and  then  digested  with  a  solution  of  sodium  sulphide  in 
order  to  separate  antimony  from  bismuth.  The  undissolved 
bismuth  sulphide  was  collected,  dissolved  in  warm  nitric  acid 
and,  after  removal  of  the  latter,  rcprecipitated  by  hydrogen 
sulphide.     The   precipitate   was   then    collected   on   asbestos, 
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ignited  in  a  current  of  carbon  dioxide  and  weighed  as  Bi,S,. 
The  antimony  separated  from  the  bismuth  was  reprecipi- 
tated  as  salphide,  collected  on  asbestos,  and,  after  neating 
in  carbon  dioxide,  weighed  as  Sb,S,.  Preliminary  experi- 
ments with  known  amounts  of  bismuth  and  antimony  proved 
that  the  methods  as  given  above  yielded  correct  results.  The 
filtrate  from  the  original  sulphide  precipitate,  containing  the 
niobiam  and  tantalum,  was  evaporated  to  dryness  and  the  resi- 
due decomposed  by  fusion  with  acid  potassium  sulphate. 
The  fusion  was  then  digested  with  water  and  the  insoluble 
niobium  and  tantalum  oxides  were  filtered,  ignited  and 
weighed.  Qualitative  tests  indicated  that  there  were  not 
determinable  quantities  of  other  substances  present.  The 
results  of  the  analysis  of  the  original  stibiotantalite  from 
Australia  by  Goyder,  together  with  those  of  two  varieties  of 
the  mineral  from  Mesa  (jrande,  are  as  follows  : — 

Anatralia.         Mesa  Qraode.  Mesa  Grande. 

Specific  gravity  7-37  672  598 

I  II  Average       I  II  Average 

(Ta,Nb),0.  58-69     65-22     55*44       55-33     60-57     5003  50'3O 

Sb,0, 40-23     44-31      44-21        44*26     4907     4949  49-28 

Bi,0, -82  -31  -34  -33  -53  -54  -53 


NiO -08  99-92  100-11 

H,0 08 


99-90 

The  results  of  the  analyses  indicate  that  with  decrease  in 
specific  gravity  there  is  an  increase  in  antimony  oxide,  and  a 
proportional  decrease  in  the  combined  acid  oxides,  due  to  the 
isomorphous  replacement  of  heavier  TajO,  by  lighter  Nb,Oj. 
As  there  is  no  satisfactory  method  for  separating  tantalum  from 
niobium,  the  attempt  has  been  made  to  determine  the  propor- 
tions of  the  two  oxides  by  taking  the  specific  gravity  of  the 
mixed  oxides  as  obtained  from  the  analyses,  and  comparing  the 
results  with  those  of  pure  TajO^  and  ]S[bj,03,  which  are  quite 
widely  separated.  This  method  has  been  tested  sufficiently  to 
indicate  tnat  it  gives  fairly  satisfactory  results,  and  from  the 
values  given  below  and  a  consideration  of  the  ratios,  which  in 
both  analyses  are  almost  exactly  1  :  1,  it  may  be  seen  that  the 
percentage  of  the  Ta,0^  and  Nb^Oj  must  be  reasonably  exact : — 

Sp.  gr.  =  6-72.  Ratio.  Sp.  gr.  =  5  98.        Ratio. 

Ta,0.    36-35  'OB\b  I  11-16     -0250) 

Nb,0,   18-98  -0708  f*^^'^  ^^^  3914      -1460  f^'^^      ^  ^^ 

Sb,0.    44-26  •l'>36i  4928     -1711/      . 

Bi.O.  -33  -0007  f   ^^*^  ^^^  -53      -0011  f^^--^      ^  ^^ 

99-92  100-11 
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Goyder,  in  his  analysis  of  the  original  stibiotantalite  from 
Australia,  made  no  separation  of  the  tantalum  and  niobium 
oxides,  but  assuming  that  the  ratio  of  (Ta,Nb),0, :  (Sb,Bi),0, 
=  1:1,  the  proportions  of  Ta,0,  and  Nb,0,  were  determined 
indirectly.  Thus,  considering  the  lirst  of  our  analyses,  where 
the  per  cent  of  (Ta,Nb),Oj  is  55^33  ;  the  per  cent  of  Ta^O,  may 
be  taken  as  a?,  when  that  of  Nb^O^  will  be  65'33— a?:  now 
having  the  molecular  weights,  Ta,Oj  =  446,  Nb,0,  =  268, 
Sb,0,=  288-4  and  Bi,0,=  465,  the  following  equation  results: 

X  55-33— a;         4426  0*33     ,  ,., 

— -   H —     -r.^-    =  v;:;.  -  +  ---,  from  which  a;  =  35*15. 
446  268  288-4  465  ' 

Treating  all  three  analyses  in  like  manner,  the  results,  together 
witli  the  theoretical  composition  of  the  end  products,  are  as 
follows : 


Theory  for 

Theory  for 

(SbO),TaaOfl 

(SbO),Nb,0 

Sp.  gr.          7-90 

7  37 

6-72 

5-98 

5  73 

Ta,0, 60-73 

51-13 

(5 

2-16)* 

35-15 

10-60 

000 

Nb,(\ 0  00 

7-56 

( 

6-53) 

20-18 

3970 

48-17 

Sb,0, 39-27 

40-23 

44-26 

49-28 

51-83 

BiA 

0-82 

-33 

•53 

m>    ^   ^   m 

NiO 

0-08 

•  •  «  • 

•  «  w  « 

.  •  a  • 

H,0 

0-08 

-  -  - . 





100-00    .       99-90  99-92         lOO'U      10000 

The  results  of  the  indirect  determination  of  Ta,0,  and 
Nl),Oj  in  the  last  two  analyses  show  a  very  satisfactory  agree- 
ment with  the  values  derived  from  the  specific  gravities  of  the 
oxides,  and  it  may  be  pointed  out  that  a  sliglit  variation  in 
the  per  cent  of  Sb,0,  causes  about  four  times  as  great  a  varia- 
tion in  the  percentages  of  Ta,0^  and  Nb,Oj,  while,  also,  varia- 
tions up  to  4  per  cent  in  Ta,0,  or  Nb^O^  have  little  effect  upon 
the  ratio  owing  to  the  large  molecular  weights  of  the  acid  oxides. 

The  ratios  in  the  two  new  analyses,  being  almost  exactly  1 : 1, 
indicate  that  in  chemical  composition  stibiotantalite  is  an  iso- 
morphous  mixture  of  SbjOj.Ta/)^  and  Sb,0,.Nl>,0„  with  a 
little  bismuth  replacing  the  antimony.  It  is  a  curious  and 
interesting  fact  that,  in  materials  from  such  widely  separated 
localities,  the  amounts  of  bismuth  should  be  so  nearly  alike. 

The  chemical  relation  between  stibiotantalite  and  columbite 
may  perhaps  be  represented  best  by  developed  formulas,  as 
follows : 

O  =  Sb  -  O  -  Nl)  =  O  ^  O  -  Nb  =  O 

0<       >0  Fe<'    0<      >0 

O  =  Sb  -  O  -  Nb  =  O  \  O  -  Nb  =  O 

*  The  percentages  given  in  parentheses  result  from  the  molecular  weights 
made  use  of  in  this  article.  The  figures  given  by  Goyder  vary  somewhat 
because  he  used  slightly  different  molecular  weights. 
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What  it  is  desired  especially  to  bring  out  by  the  formulas 
is  that  in  stibiotantalite  two  univalent  antimonyl  radicals 
(0=Sb)  play  the  same  role  as  a  bivalent  atom  of  Fe  in  colum- 
bite,  hence,  chemically,  the  mineral  is  regarded  as  a  basic  anti- 
mony tantalate,  respectively,  niobate.  Following  ordinary 
methods,  the  formulas  would  be  written  (SbO),(Ta,i?^b),0,  and 
Fe(Ta,Nb),0,.  It  may  be  that  the  similarities  in  habit,  cleav- 
age and  axial  ratios  between  stibiotantalite  and  columbite,  as 
Eointed  out  earlier  in  this  paper,  are  mere  matters  of  accident, 
ut,  taken  in  connection  with  the  chemical  formulas,  this  does 
not  seem  at  all  probable.  It  is.  assumed  that  the  antimony- 
oxide  radical,  known  in  chemistry  as  antimonyl^  pl^ys  t'^© 
part  of  a  metal  iu  stibiotantalite,  replacing  the  hydrogen 
atoms  of  tantalic,  respectively,  niobic  acid.  This  tendency 
may  be  noted  in  a  number  of  compounds  of  the  antimony- 
bismuth  group,  where  we  have  basic  salts  containing  the 
antimonyl  (SbO)  and  hismuthyl  (BiO)  radicals.  If  the  crys- 
tallographic  relationship  to  columbite  is  disregarded,  the  for- 
mula of  stibiotantalite  may  be  simplified  to  (SbOXTa,Nb)0„ 
or,  looked  at  in  another  way,  to  Sb(Ta,Nb)0^,  the  latter  an 
antimony  salt  of  normal  tantalic,  respectively,  niobic  acid. 
Against  the  latter  assumption,  however,  it  may  be  argued  that 
normal  salts  of  tantalic  and  niobic  acid  are  almost  unknown, 
and  the  tendency  to  form  a  basic  salt  containing  the  anti- 
monyl radical  would  probably  be  greater  than  to  form  an 
antimony  salt  of  the  normal  acids.  Among  minerals  which 
are  normal  salts  of  tantalic  and  niobic  acids,  there  are  only 
two  closely  related  species,  fergusonite  and  sipylite,  (Y,Er,Ce) 
(Ta,Nb)0,  and  EKTa,Nb)0„  but  these  may  as  well  be  written 
as  basic  salts,  for  example,  (ErO),(Ta,Nb),0.,  conforming  to 
the  columbite  type  of  formula. 

That  the  antimony  in  stibiotantalite  is  trivalent  and  not 
pentavalent  is  known  by  the  summation  of  the  analyses  and 
also  by  the  results  of  the  following  experiment : — Some 
powdered  mineral  was  dissolved  in  hydrofluoric  acid,  and  the 
precipitate  thrown  down  by  hydrogen  sulphide  was  collected, 
dried  and  tested  by  heating  in  a  closed  tube.  Had  the  anti- 
mony been  pentavalent,  the  precipitate  would  have  been 
either  Sb,S,  or  a  mixture  of  Sb^S,  and  sulphur,  and  have 
yielded  an  abundant  sublimate  of  sulphur  when  tested  in  a 
closed  tube ;  it  gave,  however,  only  a  trace  of  sulphur,  the 
same  as  stibnite,  Sb,S„  when  similarly  heated. 

By  means  of  the  data  given  in  connection  with  the  three 
analyses  which  have  been  made,  it  is  possible  to  represent  the 
relations  between  the  specific  gravity  and  chemical  composi- 
tion of  stibiotantalite  graphically,  as  shown  in  figure  18,  where 
the  specific  gravities  are  taken  as  abscissas  and  per  cents  as 
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ordinatcB.  Referring  to  page  73,  tlie  percentages  of  the  total 
acid  oxides,  {Nt>,Ta),0„  of  ttie  tlirce  analyses  have  been 
plotted  on  the  vertical  lines  corresponding  to  the  specific 
gravities.  The  three  points  thus  found  do  not  fall  quite  on  a 
straight  line,  hence  a  circulfCr  arc  is  drawn  through  them  aad 
continued.  As  given  on  page  74,  the  theoretical  percenta};;es  of 
Nh,().  and  Tap,  in  (SbO),Nb,0.  and  (SbO),Ta.O.  arc,  respec- 
tively, +82  and  60-7;  hence  where  the  (Nh,Ta),0. cnrve  inter- 
sects, horizontal  lines  corresponding  to  the  above  figures  must 
determine  approximately  the  specific  gravities  of  the  two  un- 
known end  products,  namely  5'73  and  7"!*0.  Next,  the  percent- 
ages of  NhjO^and  Ta,0„  as  given  on  page  74,  were  plotted,  and, 
as  shown  hy  tlie  figure,  these  fall  very  near  two  circular  arcs,  one 
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passing  fi-oni  n  percent  to  482  per  cent  Xb,0„  the  other  from 
0  (K-r  cent  tci  fi(i-7  |«.'r  cent  Ta,0,.  The  greatest  variation  of 
the  detenniuati.ms  <if  Nb,0,  and  Ta,(),  from  these  curves  is 
not  cntr  one  ])ur  cent,  wiiicli  is  well  within  the  errors  of  analysis. 
If  instead  ot  Uisirig  the  values  for  Nh,<),  and  Ta,Oj  given  on 
[)agc  74,  which  were  obtained  indirectly  from  the  percent- 
(igi's  "f  Ki),(),  iiiui  IJi,0,  and  wes-e  selected  because  the  three 
analysos  received  like  ti-eatinent,  the  valuiis  as  given  for  onr 
twci  Hiiiilyses  on  page  73  ace  plotted  on  figure  18,  the  points 
fall  iilniost  exactly  on  the  ^lbJ(.^J  and  TiijOj  curves.  Cer- 
tainly, ciinsideriiig  tlie  (lifticnlties  of  the  tninlyses,  the  close 
conformity  of  the  dctcrniinations  to  tlie  two  curves  is  a  most 
silt  in  factory  iMntiniiiitiori  of  the  reliability  of  the  results 
obtained.  It  Wiiri  by  nieiins  of  the  diiignun  that  the  approxi- 
mate   coiM|)osition    "f  tlie    two    crviitals   studied    opticwly,    as 
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given  on  page  71,  was  determined.  The  majority  of  the 
crystals  examined  range  in  specific  gravity  from  ^'^  to  6*7. 

Pyrognostics, — Stihiotantalite,  wlien  heated  intensely  at  the 
tip  of  the  blue  flame,  is  fusible  at  about  4  and  imparts  a  pale 
bluish-green  color  to  the  flame  due  to  volatilization  of  anti- 
mony. After  driving  off  a  part  of  the  antimony  there  is  left 
an  infusible  mass  of  niobium  and  tantalum  oxides  generally 
darkened  by  antimony.  If  the  flame  from  the  mineral  is 
directed  against  a  piece  of  charcoal  a  considerable  coating  of 
oxide  of  antimony  collects  on  the  coal.*  When  fused  with  3 
or  4  times  its  volume  of  sodium  carbonate  on  charcoal,  a  coat- 
ing of  antimony  oxides  and  small  globules  of  metallic  anti- 
mony are  obtained.  The  powdered  mineral  is  not  appreciably 
attacked  by  ordinary  acids,  not  even  by  boiling,  concen- 
trated sulpliuric,  but  is  readily  soluble  in  hydrofluoric  acid. 
Unchanged  when  heated  in  closed  and  open  tubes  and  gives 
no  characteristic  reactions  with  the  fluxes. 

Summary, — Stihiotantalite  is  a  mineral  first  found  in 
rounded,  water-worn  pebbles  in  Australia  and  recently  in  well- 
crystallized  specimens  in  California,  In  chemical  composition 
it  is  an  isomorphous  mixture  of  (SbO),Nb,0,  and  (SbO),Ta,0„ 
exhibiting  a  wide  range  in  specific  gravity,  from  5*98  to  7"37, 
depending  upon  the  proportions  of  Nb^O^  and  Ta^Oj  present. 
The  crystals  belong  to  the  hemimorphic  group  of  the  otho- 
rhonibic  system,  although,  owing  to  twinning,  they  imitate  the 
symmetry  of  the  normal  group.  In  axial  ratio,  development 
and  occurrence  of  several  forms,  the  mineral  is  related  to 
columbite.  Stihiotantalite  is  characterized  by  an  unusually 
high  index  of  refraction,  above  diamond,  a  high  birefringence 
and  a  wonderful  luster. 

In  closing,  the  writers  take  special  pleasure  in  expressing 
their  thanks  to  Mr.  Ernest  Schernikow,  of  New  York,  who 
has  most  generously  placed  at  their  disposal  for  study  all  of 
the  crvstals  which  the  locality,  so  far  as  known,  has  afforded. 
He  may  well  be  proud  that  his  eagerness  to  promote  the  science 
of  mineralogy  has  enabled  him  to  bring  to  light  a  mineml  of 
such  unusual  beauty  and  scientific  interest. 

Mineralo^cal  Laboratory  of  the 

Sheffield  Scientific  School  of  Yale  University, 
New  Haven,  Conn.,  February,  1906. 

*  Tried  in  the  same  way  as  when  testing  for  zinc  ;  Brush-Penfield  Deter- 
minative Mineralogy  and  Blowpipe  Analysis,  p.  181. 
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I.    Chemistry  and  Physics. 

1.  Properties  of  Liquid  Nitrogen,  —  Until  recently  it  has 
been  possible  to  experiment  with  liquid  and  solid  nitrogen  only 
upon  a  small  scale,  but  since  the  gas  is  now  a  commercial  article 
in  Germany,  where  it  comes  com|)re88ed  to  about  100  atmospheres 
in  a  passably  pure  condition,  II.  Erdmann  has  taken  the  oppor- 
tunity to  study  the  liquid  on  a  large  scale.  He  employed  a  cop- 
per cylinder  of  about  1^  1.  capacity  which  was  provided  with 
a  manometer  and  had  been  tested  to  a  pressure  of  six  atmos- 
pheres. This  was  surrounded  with  liquid  air  and  connected  with 
the  nitrogen  bomb,  so  that  the  gas  could  be  carefully  introduced. 
The  nitrogen  could  be  condensed  at  an  over-pressure  of  0*7 
atmosphere,  while  the  condensation  went  on  rapidly  when  this 
pressure  reached  2  or  2^  atmospheres.  The  liquefied  nitrogen 
was  then  transferred  to  a  Wei  n  hold -flask  by  means  of  a  siphon 
valve.  After  till  ration  through  a  dry  folded  paper  the  liquid 
nitrogen  was  found  to  be  a  very  mobile,  clear,  perfectly  colorless 
liquid,  which  is  decidedly  different  from  the  bluish  colored  liquid 
air.  Since  liquid  air,  even  when  freshly  prepared,  contains  50  to 
60  per  cent  of  oxygen,  its  specific  gravity  is  so  high  that  pieces 
of  ice  float  upon  it.  On  the  other  hand,  ice  sinks  in  liquid 
nitrogen,  as  does  also  solid  absolute  alcohol.  The  latter  phe- 
nomenon agrees  belter  with  the  specific  gravity  of  liquid  nitrogen 
determined  by  Ramsay  and  Drugman  (0-7914  at  the  boiling- 
point),  than  with  the  determination  of  Dewar  (0-850).  When 
liqiiicl  nitrojjen  is  poured  upon  a  bulb  filled  with  dry  ox^^gen  at 
atmospheric  pressure,  some  of  the  oxygen  is  condensed  in  the 
form  of  bluish  drops.  This  does  not  occur  when  liquid  air  is 
use<l.  It  is  suggested  that  the  easily  prepared  liquid  nitrogen 
will  be  of  service  to  chemists  in  producing  somewhat  lower  tem- 
peratures than  those  obtainable  with  liquid  air. — Berichte^  xxxix, 
1207.  II.  L.  w. 

2.  The  Oxidation  of  Arnrn07iia  to  Nitrates  and  Nitrites, — The 
probable  exhaustion  in  a  short  time  of  the  South  American 
nitrate  beds  makes  it  important  to  consider  other  means  of  pro- 
ducing nitrates  and  nitrites.  The  princi|)al  methods  thus  far 
suggested  are  the  oxidation  of  atmospheric  nitrogen  and  the  oxi- 
dation of  ammonia  bv  the  aid  of  contact  substances.  Since  Ger- 
many  possesses  cheap  water  j)ower  in  but  few  places,  but  has  an 
abundant  supply  of  ammonia  from  coal,  the  utilization  of  the 
second  process  appears  to  be  of  importance  in  that  country. 
Schmidt  and  Bocker  have,  therefore,  made  some  exj^^eriments 
with  the  oxidation  of  ammonia  by  atmospheric  oxygen,  using 
platinum  and  platinized  asbestos  as  contact  substances.  They 
find  as  an  averaije  of  nianv  experiments  a  vield  of  from  75  to  76 
per  cent  of  the  ammonia  in  the  form  of  oxides  of  nitrogen,  and  in 
many  cases  a  yieM  of  over  80  per  cent.  It  appears,  however, 
that   the    process    for   producing  nitrates  cannot  be  carried  out 
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profitably  under  the  present  condition  of  prices,  but  the  produc- 
tion of  nitrites  from  ammonia,  by  oxidizing  it  with  air  or  oxygen 
in  the  presence  of  pyrites  under  certain  conditions,  according  lo  a 
patented  process  of  Bayer  &  Co.,  seems  to  be  more  promising. — 
^erichte,  xxxix,  1366.  h.  l.  w. 

3.  The  Detection  and  Determination  of  Small  Quantities  of 
Iron, — A.  MouNEYRAT  has  found  that  the  green  color  produced 
by  passing  hydrogen  sulphide  gas  for  about  ten  minutes  through 
dilute,  slightly  ammoniacal  solutions  of  iron  salts  is  a  much  more 
delicate  test  than  the  familiar  sulphocyanide  reaction.  It  appears 
that  the  ferrous  sulphide  forms  a  colloidal  solution  when  very 
little  of  it  is  present.  The  green  color  is  discharged  by  concen- 
trated solutions  of  ammonium  and  sodium  sulphates  and  of 
sodium  chloride,  but  many  organic  substances  such  as  glycerine, 
sugars,  tartrates,  etc.,  increase  the  stability  of  the  solutions  and 
make  it  possible  to  obtain  stronger  ones.  The  limit  of  the  deli- 
cacy of  the  reaction  is  about  one  part  of  iron  in  a  million,  when 
it  is  carried  out  in  the  manner  just  described,  but  the  delicacy 
can  be  made  greater  by  adding  four  or  five  milligrams  of  albu- 
men to  the  ammoniacal  solution,  saturating  with  hydrogen  sul- 
phide as  usual,  then  mixing  with  an  equal  volume  of  alcohol  and 
allowing  the  liquid  to  stand  ten  or  twelve  hours.  A  green  film 
is  then  found  at  the  bottom  of  the  vessel,  due  to  the  precipitation 
of  a  part  of  the  albumen.  It  is  stated  that  small  quantities  of 
mercury,  lead,  silver,  chromium,  nickel  do  not  interfere  with  the 
reaction,  although  cupper  does  so.  The  green  colors  obtained 
with  amounts  of  iron  varying  from  yoVit  to  lo 0^0^-77  are  practically 
proportional  to  the  amounts,  so  that  it  is  possible  to  make  quanti- 
tative determinations  in  this  way. —  Comptes  Hendns,  cxlii,  J  049. 

II.  L.  w. 

4.  Quuntitatiije  Determination  of  Acetone, — Adolph  Jolles 
has  devised  a  method  for  this  purpose,  which  depends  upon  the 
combination  of  sodium  bisulphite  with  acetone  according  to  the 
equation 

(CH.),CO  +  NaHSO.=  (CII.),C<^^jj^. 

A  titrated  solution  of  bisulphite  is  added  in  such  quantity  that 
three  or  four  times  the  required  amount  is  present,  and  after 
standing  30  hours  it  is  titrated  back  with  iodine  solution.  Each 
molecule  of  bisulphite  corresponds  to  a  molecule  of  acetone.  The 
reaction  takes  place  slowly,  and  it  was  not  found  possible  to 
shorten  the  time  of  standing.  Test  analyses  gave  very  accurate 
results.  They  were  made  by  mixing  25*^^  of  liquid  containing 
about  0*05^  of  acetone  with  25"  of  \  normal  bisulphite  in  a  stop- 
pered flask,  then,  after  30  hours,  titrating  back  with  y^  normal 
iodine  solution. —JSfericA/e,  xxxix,  1306.  n.  l.  \v. 

5.  Avogadro  and  Dalton  ;  the  Standing  in  Chemistry  of  their 
Hypotheses  ;  'by  Andkew  N.  Mkldru m  ;  8vo,  pp.  113.  P^din- 
burgh,  1906  (James  Thin). — This  is  a  very  interesting  essay  deal- 
ing chiefly  with  the  relative  importance  of  the  atomic  and  molecu- 
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lar  chemical  theories.  The  argument  is  in  favor  of  the  greater 
value  of  Avogadro's  contribution  to  science,  while  the  admirer8 
and  followers  of  Dalton  are  criticized  for  giving  him  undue 
credit.  All  who  are  interested  in  the  history  of  chemistry  will 
find  the  book  instructive,  even  though  they  fail  to  agree  entirely 
with  its  conclusions ;  for  it  is  ably  written  and  displays  much 
knowledge  of  the  literature  of  the  subject.  h.  l.  w. 

6.  Electric  Discharge  in  Gases. — Faraday  supposed  that  an 
electric  discharge  occurs  as  soon  as  a  determined  discharge  poten- 
tial is  reached  which  is  sufficient  to  break  down  the  dielectric. 
This  theory  takes  no  account  of  polar  differences. 

O.  Lehman  has  sought  to  reconcile  Faraday's  theory  with  the 
faets  by  the  assumption  of  a  dark  convective  streaming  which 
occurs  before  the  discharge ;  and  which  on  account  of  the  dif- 
ferent discharge,  fitness  of  positive  and  negative  air,  leads  to  the 
formation  of  a  positive  air  envelope  at  the  cathode.  J.  J.  Thom- 
son, in  an  electrolytic  theory,  supposes  that  before  the  occurrence 
of  the  discharge  a  convective  dark  current  is  formed. 

H.  SiEVKKiNG,  following  the  example  of  O.  Lehman,  has 
employed  vessels  of  large  size  in  studying  the  question  of  the 
existence  of  such  dark  currents.  Leliman  showed  that  the 
cathode  space  is  much  influenced  by  the  nearness  of  the  walls  of 
the  exhausted  vessel  to  the  cathode  ;  he  accordingly  used  ex- 
hausted vessels  of  60  liters  capacity. 

Sieveking  sums  up  his  conclusions  as  follows  : 

(1)  An  investigation  with  a  vessel  enclosing  an  electroscope 
suitably  charged  showed  that  a  dark  current  did  not  exist  before 
the  discharge.  This  is  against  the  electrolytic  hypothesis. 
Furthermore  the  insulation  of  the  exhausted  space  below  the 
point  of  discharge  was  perfect.  A  dissipation  of  electricity 
which  must  accompany  a  dark  current  could  not  be  shown  by  an 
electrometer. 

(2)  In  wide  exhausted  vessels  the  dark  space  is  not  influenced 
by  a  strong  ionizing  substance.  This  fact  militates  against  the 
supposition  of  the  electrolytic  theory  that  this  region  is  a  poverty 
stricken  one. 

(3)  The  experiments  indicate  that  the  double  layer  which  O. 
Lehman  supposed  to  exist  before  the  occurrence  of  the  discharge 
does  not  exist. 

(4)  The  very  weak  current  which  J.  Elster  and  H.  Geitel  have 
shown  to  exist  in  air,  and  upon  which  Kaufmann  founded  the 
characteristics  of  the  dark  current,  are  not  present  in  a  space  pro- 
tected from  ionization.  The  entire  investigation  leads  one  to 
believe  in  a  pure  disruptive  dij<charge. 

(5)  The  remarkable  effect  of  the  magnetic  field  on  the  electric 
discharge  leads  one  to  conclude  with  O.  Lehman,  from  the  stand- 
point of  the  electron  theory,  that  powerful  inner  movements  occur 
in  the  molecules  which,  through  rotary  movements,  greatly 
influence  the  effect  of  the  electric  field. — Aim.  der  Physik^  No.  7, 
pp.  209-220,  1906.  J.  T. 
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7.  J^ote  on  the  computed  drop  of  pressure  in  adiabatic  expan- 
sion ;  by  C.  Barus. — I  have  hitherto  expressed  my  results  for  the 
distribution  of  colloidal  and  other  nuclei  in  a  gas  in  terms  of  the 
observed  fall  of  pressure  hp  in  the  fog  chamber.  If  under  iso- 
thermal conditions  p  is  the  pressure  of  the  fog  chamber,  />'  the 
pressure  of  the  vacuum  chamber  and  jo,  the  common  pressure  after 
exhaustion  of  the  former,  8/?=/>-/>,.  Recently  I  computed  the 
actual  fall  A/?=/>-p,,  where  />,  is  the  true  isothermal  pressure  in  the 
fog  chamber  isolated  from  the  vacuum  chamber  immediately  aiter 
exhaustion.     The  results  are  S/>— A/>='225  8/>,  nearly. 

Naturally  I  expected  some  appreciable  correction  in  the  final 
reduction,  but  I  did  not  anticipate  so  large  a  difference.  The 
result,  however,  is  very  interesting,  for  on  applying  it  I  find  that 
the  distribution  curves  obtained  in  the  use  of  very  large  fog 
chambers  now  practically  coincides  with  the  curve  which  I 
deduced  from  the  data  obtained  by  Wilson  with  his  small  and 
unique  apparatus.  It  appears  furthermore  that  the  successive 
improvements  which  I  have  added  to  my  fog  chamber  have  for 
some  time  reached  a  limit,  and  that  its  true  efficiency  is  greatly 
in  excess  of  ray  estimate. 

8.  Meteorologische  Optik ;  von  J.  M.  Pernter.  Mit  zahl- 
reichen  Textfiguren.  Ill  Abschnitt:  Seite  213-558.  Wien  und 
Liepzig,  1906  (Wilhelm  BraumttUer). — The  opening  section  of 
this  important  work  was  noticed  in  this  Journal  several  years 
since  (see  vol.  xiii,  p.  472),  and  now  the  third  part  is  issued.  It 
discusses  a  very  interesting  series  of  phenomena,  namely,  those 
due  to  the  presence  of  minute  foreign  particles  in  the  upper 
atmosphere.  Many  different  forms  of  halos  and  of  coronas  are 
described  and  figured  as  well  as  discussed  from  a  theoretical 
standpoint  ;  in  relation  to  these  phenomena  the  varied  forms  of 
snow  and  ice  crystals  are  described  in  detail.  The  subject  of 
rainbows  is  very  fully  treated  and  illustrated.  Altogether  the 
work  is  a  very  important  contribution  to  our  knowledge  of  a 
peculiarly  interesting  but  difficult  subject. 

9.  Leitfaden  der  Wetterkunde  genieliiverstdndlich  hearbeitet ; 
von  Dr.  R.  Bornstein.  Zweite  umgearbeitete  und  verniehrte 
Auflage.  Pp.  230,  with  22  tables.  Braunschweig,  1906  (Fried- 
rich  Vieweg  &  Sohn). — After  an  interval  of  five  years,  the 
author  has  brought  out  a  second  edition  of  his  elementary  work 
on  Meteorology.  This  is  an  indication  of  the  success  that  the 
book  has  had  in  meeting  the  needs  of  those  for  whom  it  was 
expressly  designed.  The  author  states,  as  the  fundamental  prin- 
ciple present  in  his  mind,  that  any  person  may,  if  properly 
instructed,  become  his  own  weather  prophet,  and  with  this  before 
him  he  has  endeavored  to  treat  the  whole  subject  in  such  a  man- 
ner as  to  make  it  as  intelligible  as  possible.  This  he  has  accom- 
plished with  marked  success,  but  it  still  remains  true  that  the 
subject  is  one  not  without  difficulty,  and  requiring  much  study 
for  even  superficial  mastery.  Some  of  the  new  points  introduced 
into  this  edition  concern  the  relation   of  the  temperature  of  the 
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air  to  water  and  forest,  the  heat  movement  in  the  ground, 
and  observations  above  the  earth  by  means  of  balloons  and  other 
methods ;  the  discussion  of  the  phenomena  of  atmospheric  elec- 
tricity has  been  rewritten. 

10.  Refraktionstafeln ;  von  Dr.  L.  de  Ball,  Direktor  der  v. 
Kuffnersehen  Sternwarte.  Pp.  xiv,  with  1 1  tables.  Leipzig, 
1906  (Wilhelm  Engelmann). — The  tables  here  included  are  based 
upon  Radau's  theory  of  refraction  ;  the  refraction  constant 
assumed  is  that  of  Bauschinger,  namely,  60*' 15  for  normal  con- 
ditions of  pressure  in  temperature  and  at  sea-level  at  a  latitude 
of  45°.  There  are  eleven  series  of  tables,  and  the  special  mathe- 
matical sources  upon  which  they  are  based  are  explained  in  the 
Introduction,  which  is  printed  both  in  German  and  French. 

11.  Shaft  Governors;  by  W.  Thinks  and  C.  Housum.  Pp. 
11,  97,  with  27  figures  and  16  tables.  Van  Nostrand  Science 
Series,  No.  122.  New  York,  1905  \T>,  Van  Nostrand  Co.).— This 
recent  addition  to  the  Van  Nostrand  Science  Series  will  be  prop- 
erly valued  by  those  who  have  to  do  with  the  use  of  shaft 
governors  in  practical  machinery. 

II.     Gp:ology  and  Mineralogy. 

1.  Preliminary  Report  of  the  State  Earthquake  Investigation 
Commission;  17  pp.  Berkeley,  May  31. — The  Governor  of  Cali- 
fornia, on  April  21,  1906,  appointed  a  commission  to  examine  and 
report  on  the  phenomena  connected  with  the  earthquake  which 
occurred  three  days  previously  at  San  Francisco.  The  members 
of  the  Commission  are  as  follows:  A.  C.  Lawson,  of  the  Univer- 
sity of  California  ;  G.  K.  Gilbert,  of  the  U.  S.  Geological  Survey; 
II.  Fielding  Heid,  of  Johns  Hopkins  University  ;  J.  C.  Branner, 
of  Stanford  University;  A.  O.  Leuschner  and  George  Davidson, 
of  the  University  of  California  ;  Charles  Burkhalter,  of  the  Chabot 
Observatory,  and  William  Wallace  Campbell,  Director  of  the 
Lick  Observatorv. 

In  the  preliminary  report  it  is  stated  that  the  plane  of  disloca- 
tion was  along  the  well-known  fault-line  which  extends  in  a 
remarkably  straight  line  obliquely  across  the  Coast  Range  from 
Point  Arena  to  Mount  Pinos  in  Ventura  County,  a  distance  of 
375  miles.  This  physiographic  line  "  affords  every  evidence  of 
having  been  in  ])a8t  time  a  rift,  or  line  of  dislocation,  of  the 
earth's  crust  and  of  recurrent  differential  movement  along  the 
plane  of  rupture.  The  movements  which  have  taken  place  along 
this  line  extend  far  back  into  the  Quaternary  period,  as  indi- 
cated by  the  major,  well-degraded  fault  scarps  and  their  asso- 
ciated valleys;  but  they  have  also  occurred  in  quite  recent  times, 
as  is  indicated  by  the  minor  and  still  undegraded  scarps.  Prob- 
ably every  movement  on  this  line  produced  an  earthquake,  the 
severity  of  which  was  proportionate  to  the  amount  of  movement." 

"The  earthquake  of  the  18th  of  April,  1906,  was  due  to  one  of 
these  movements.     The  extent  of  the  rift  upon  which  the  move- 
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ment  of  that  date  took  place  is  at  the  time  of  writing  not  fully 
known.  It  is,  however,  known  from  direct  field  observations 
that  it  extends  certainly  from  the  mouth  of  Alder  Creek  near 
Point  Arena  to  the  vicinity  of  San  Juan  in  San  Benito  County, 
a  distance  of  about  1 85  miles.  The  destruction  at  Petrolia  and 
Ferndale  in  Humboldt  County  indicates  that  the  movement  on 
the  rift  extended  at  least  as  far  as  Cape  Mendocino,  though 
whether  the  rift  lies  inland  or  oflFshore  remains  as  yet  a  matter 
of  inquiry.  Adding  the  inferred  extension  of  the  movement  to 
its  observed  extent  gives  us  a  total  length  of  about  three  hundred 
miles.  The  general  trend  of  this  line  is  about  N.  35°  W.,  but  in 
Sonoma  and  Mendocino  counties  it  appears  to  have  a  slight  con- 
cavity to  the  northeast,  and  if  this  curvature  be  maintained  in  its 
path  beneath  the  waters  of  the  Pacific  it  would  pass  very  close 
to  and  possibly  inside  of  Capes  Gordo  and  Mendobino.  Along 
the  185  miles  of  this  rift  where  movement  has  actually  been 
observed  the  displacement  has  been  chiefly  horizontal  on  a  nearly 
vertical  plane,  and  the  country  to  the  southwest  of  the  rift  has 
moved  northwesterly  relatively  to  the  country  on  the  northeast 
of  the  rift.  By  this  it  is  not  intended  to  imply  that  the  northeast 
side  was  passive  and  the  southwest  side  active  in  the  movement. 
Most  probably  the  two  sides  moved  in  opposite  directions.  The 
evidence  of  the  rupture  and  of  the  differential  movement  along 
the  line  of  rift  is  very  clear  and  unequivocal.  The  surface  soil 
presents  a  continuous  furrow  generally  several  feet  wide  with 
transverse  cracks  which  show  very  plainly  the  effort  of  torsion 
within  the  zone  of  the  movement.  All  fences,  roads,  stream 
courses,  pipe  lines,  dams,  conduits,  and  property  lines  which 
cross  the  rift  are  dislocated.  The  amount  of  dislocation  varies. 
In  several  instances  observed  it  does  not  exceed  six  feet.  A  more 
common  measurement  is  eight  to  ten  feet.  In  some  cases  as  much 
as  fifteen  or  sixteen  feet  of  horizontal  displacement  has  been 
observed,  while  in  one  case  a  roadway  was  found  to  have  been 
differentially  moved  twenty  feet.  Probably  the  mean  value  for 
the  amount  of  horizontal  displacement  along  the  rift  line  is  about 
ten  feet  and  the  variations  from  this  are  due  to  local  causes  such 
as  drag  of  the  mantle  of  soil  upon  the  rooks,  or  the  excessive 
movement  of  soft  incoherent  deposits.  Besides  this  general  hori- 
zontal displacement  of  about  ten  feet,  there  is  observable  in 
Sonoma  and  Mendocino  counties  a  differential  vertical  movement 
not  exceeding  four  feet,  so  far  as  at  present  known,  whereby  the 
southwest  side  of  the  rift  was  raised  relatively  to  the  northeast 
side,  so  as  to  present  a  low  scarp  facing  the  northeast.  This 
vertical  movement  diminishes  to  the  southeast  along  the  rift  line 
and  in  San  Mateo  County  is  scarcely  if  at  all  observable.  Still 
farther  south  there  are  suggestions  that  this  movement  may  have 
been  in  the  reverse  direction,  but  this  needs  further  fiehl  study. 

"  As  a  consequence  of  the  movement  it  is  probable  that  the  lati- 
tudes and  longitudes  of  all  points  in  the  Coast  Ranges  have  been 
permanently  changed  a  few  feet,  and  that  the  stations  occupied 
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by  the  Coast  and  Geodetic  Survey  in  their  triangalation  work 
have  been  changed  in  position.    .    .    . 

"  The  great  length  of  the  rift  upon  which  movement  has  occurred 
makes  this  earthquake  unique.  Such  length  implies  great  depth 
of  rupture,  and  the  study  of  the  question  of  depth  will,  it  is 
believed,  contribute  much  to  current  geophysical  conceptions. 

"The  time  of  the  beginning  of  the  earthquake  as  recorded  in 
the  Observatory  at  Berkeley  was  5  h.  12'  6'  a.  m.,  Pacific  stand- 
ard time.  The  end  of  the  shock  was  5  h.  13'  11'  a.  m.,  the  dura- 
tion being  1'  5*.  Within  an  hour  of  the  main  shock  twelve 
minor  shocks  were  observed  by  Mr.  S.  Albrecht  of  the  Observa- 
tory and  their  time  accurately  noted.  Before  6  h.  62'  p.  m.  of 
the  same  day  thirty-one  shocks  were  noted  in  addition  to  the 
main  disturbance.  These  minor  shocks  continued  for  many  days 
after  April  18,  and  in  this  respect  the  earthquake  accords  in 
behavior  with  other  notable  earthquakes  in  the  past.  The  minor 
shocks  which  succeed  the  main  one  are  interpreted  generally  as 
due  to  subordinate  adjustments  of  the  earth's  crust  in  the  ten- 
dency to  reach  equilibrium  after  the  chief  movement." 

The  destructive  effects  of  the  earthquake  are  in  the  main  dis- 
tributed with  reference  to  the  line  of  rift,  and  are  evident  over 
an  area  approximately  50  by  400  miles.  Within  this  area  the 
intensity  of  the  shocks  varied  greatly  in  accordance  with  topo- 
graphic position  and  the  character  of  the  underlying  rocks.  The 
facts  indicate  an  "excessively  destructive  effect  of  the  earth 
wave  as  transmitted  by  the  little  coherent  formations  of  the 
valleys  bottoms." 

A  discussion  of  the  geological  problems  presented  by  the 
earthquake  is  loft  for  a  more  exhaustive  report. 

2.  United  IStates  Geological  tSurvei/,  Charles  D.  Walcott, 
Director. — The  titles  of  publications  recently  received  are  given 
in  the  following  list  (see  vol.  xxi,  251,  March,  1896):  notices  of 
some  of  these  follow  later. 

Third  Annual  Report  of  the  Reclamation  Service.  1903-4. 
(Second  Edition.)  F.  H.  Nkvvell,  Chief  Engineer.  Pp.  653, 
with  59  plates  in  separate  cover. — The  Act  of  Congress,  looking 
forward  to  the  reclamation  of  the  arid  lands  in  the  Western 
States  and  Territories,  was  passed  in  June,  1902.  Since  then 
three  reports  of  the  Reclamation  Service  connected  with  the  Sur- 
vey have  been  published;  the  last  of  which,  in  revised  form,  has 
recently  been  given  to  the  public.  It  gives  a  summary  of  the 
various  extensive  operations  planned,  and  shows  that  when  they 
are  brought  to  completion  the  results  will  be  of  the  highest 
importance,  not  only  for  the  regions  involved,  but  for  the  country 
at  large. 

Topographic  Atlas. — Twentv-seven  sheets. 

Folios:  No.  130.  Rico  Folio  :  Colorado.  Description  of  the 
Rico  Quadrangle  ;  by  Wiiitmax  Cross  and  F.  L.  Ransoms  : 
Geography  and  General  Geology  of  the  Quadrangle  by  Whit- 
MAX  Ckoss.     Pp.  20,  with  5  colored  maps  and  6  figures. 
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No.  131.  Needle  Mountains  Folio  :  Colorado.  Description  of 
Needle  Mountains  Quadrangle  by  Whitman  Cross,  Ernest 
Howe,  J.  D.  Irving,  and  W.  H.  Emmons.  Topography  and 
General  Geology  by  Whitman  Cross  and  Ernest  Howk.  Pp. 
13,  with  4  colored  maps  and  11  figures. 

No.  132.  Muscogee  Folio  :  Indian  Territory.  Description  of 
the  Muscogee  Quadrangle  ;  by  Joseph  A.  Taff.  Pp.  7,  with  3 
colored  maps. 

No.  133.  Ebensburg  Folio  :  Pennsylvania.  Description  of 
the  Ebensburg  Quadrangle  ;  by  Charles  Butts.  Pp.  9,  with  4 
colored  maps. 

No.  136.  Nepesta  Folio.  Colorado.  Description  of  the 
Nepesta  Quadrangle  ;  by  Cassius  A.  Fisher.  Pp.  5,  with  3 
colored  maps. 

No.  136.  St.  Mary's  Folio  :  Maryland— Virginia.  Descrip- 
tion of  the  St.  Mary's  Quadrangle ;  prepared,  under  the  super- 
vision of  William  Bullock  Clark,  geologist-in:charge,  by 
George  Burbank  Shati'uck.     Pp.  7,  with  2  colored  maps. 

No.  137.  Dover  Folio  :  Delaware — Maryland — New  Jersey. 
Description  of  the  Dover  Quadrangle  ;  prepared  under  the  super- 
vision of  William  Bullock  Clark,  geologist-in-charge,  by 
Benjamin  LbRot  Miller.     Pp.  10,  with  2  colored  maps. 

Monographs. — Atlas  to  accompany  Monograph  XXXII  on 
the  Geology  of  the  Yellowstone  National  Park  ;  by  Arnold 
Hague,  Washington,  1904. 

This  atlas,  recently  published,  contains  twenty-three  beautifully 
executed  maps,  giving  in  detail  the  topography  and  geology  of 
the  Yellowstone  region.  The  text,  which  this  atlas  illustrates, 
was  issued  several  years  since  and  then  noticed  in  this  Journal. 
(See  vol.  ix,'  p.  297.) 

Professional  Papers. — No.  44.  Underground  Water  Re- 
sources of  Long  Island,  New  York ;  by  A.  C.  Veatcii,  C.  S. 
Slichtkr,  Isaiah  Bowman,  W.  O.  Crosby  and  R.  E.  IIorton. 
Pp.  394,  with  34  plates  including  several  maps  in  pocket  and  7 
figures. 

No.  45.  The  Geography  and  Geology  of  Alaska  :  A  summary 
of  Existing  Knowledge;  by  Alfred  H.  Brooks  ;  with  a  Section 
on  Climate,  by  Cleveland  Abbe,  Jr.;  and  a  Topografihic  Map 
and  Description  Thereof,  by  R.  U.  Goode.  Pp.  327,  with 
34  plates  and  6  figures. 

No.  47.  The  Tertiary  and  Quaternary  Pectens  of  California ; 
by  Ralph  Arnold.     Pp.  264,  with  53  plates  and  2  figures. 

No.  48.  Report  on  the  Operations  of  the  Coal-Testing  Plants 
of  the  U.  S.  Geological  Survey  at  the  Louisiana  Purchase  Expo- 
sition, St.  Louis,  Mo.,  1904.  Edward  W.  Parker,  Joseph  A. 
Holmes,  Marius  R.  Campbell,  Committee  in  charge.  Pp.  1492, 
with  13  plates  and  136  figures.  Part  I,  Field  Work,  Classification 
of  Coals,  Chemical  work.  Pp.  1-300.  Part  II,  Boiler  Tests. 
Pp.  301-980.  Part  III,  Producer  Gas,  Coking,  Briquetting,  and 
Washing  Tests.     Pp.  981-1492. 
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No.  49.  Geolofify  and  Mineral  ResourceR  of  Part  of  the  Cam- 
berland  Gap  Coal  Field,  Kentucky;  by  George  Hall  Ashley 
and  Leonidas  Chalmers  Glenn,  in  cooperation  with  the  State 
Geological  Department  of  Kentucky,  C.  J.  Norwood,  Curator. 
Pp.  239,  with  40  plates,  13  figures  and  two  pocket  maps. 

Bulletins. — No.  269.  Corundum,  its  Occurrence  and  Dis- 
tribution in  the  United  States;  by  Joseph  Hyde  Pratt.  Pp.  176, 
with  18  plates  and  26  figures.  This  is  a  revised  and  enlarged 
edition  of  Bulletin  No.  180. 

No.  274.  A  Dictionary  of  Altitudes  in  the  United  States. 
Fourth  edition  ;  compiled  by  Henry  Gannett.     Pp.  1072. 

No.  280.  The  Rampart  Gold  Placer  Region,  Alaska;  by  L. 
M.  Prindle  and  Frank  L.  Hess.  Pp.  64,  with  7  plates  and  I 
figure. 

No.  281.  Results  of  Spirit  Leveling  in  the  State  of  New  York 
for  the  years  1896  to  1905  inclusive;  bv  S.  S.  Gannett  and  D. 
H.  Baldwin.     Pp.112. 

No.  282.  Oil  Fields  of  the  Texas-Louisiana  Gulf  Coastal 
Plain;  by  N.  M.  Fenneman.  Pp.  146,  with  11  plates  and  15 
figures. 

No.  288.  Results  of  Spirit  Leveling  in  Pennsylvania  for  the 
years  1899  to  1905  inclusive;  by  S.  S.  Gannett  and  D.  H, 
Baldwin.     Pp.  62. 

Water-Supply  and  Irrigation  Papers. — No.  148.  Geol- 
ogy and  Water  Resources  of  Oklahoma  ;  by  Charles  Newton 
Gould.     Pp.  178,  with  22  plates  and  32  figures. 

No.  153.  The  Underflow  in  Arkansas .  Valley  in  Western 
Kansas ;  by  Charles  S.  Slighter.  Pp.  90,  with  3  plates  and  24 
figures. 

No.  154.  The  Geology  and  Water  Resources  of  the  Eastern 
Portion  of  the  Panhandle  of  Texas;  by  Charles  N.  Gould. 
Pp.  04,  with  15  plates  and  4  figures. 

No.  157.  Underground  Water  in  the  Valleys  of  Utah  Lake 
and  Jordan  River,  Utah  ;  by  B.  Richardson.  Pp.  76,  with  9 
plates  and  5  figures. 

Nos.  134,  105,  166,  167,  168,  169,  171.  Report  of  Progress  of 
Stream  Measurements  for  the  Calendar  year  1905.  Prepared 
under  the  direction  of  F.  II.  Newell.     Parts  I-V,  VII,  XI. 

3.  Pltistocene  Geolofjy  of  Mooerfi  Quadrangle ;  by  J.  B. 
WoouwoRTii.  Bulletin  S3  New  York  State  Museum,  pp,  60, 
with  Bibliography  and  Index.     One  geologic  map  and  25  plates. 

Ancient  Water  Levels  of  the  Cfuimplain  and  Hudson  Val- 
leys  ;  by  J.  B.  Woodworth.  Bulletin  84,  N.  Y.  State  Museum, 
j)p.  265,  with  Bibliography  and  Index.  One  geologic  map  and 
28  plates.  Published  by  the  New  York  State  Education  Depart- 
ment, Albany,  New  York,  1905. — An  examination  of  the  pub- 
lished maps  depicting  late  Pleistocene  events  will  show  that  one 
of  the  latest  phases,  that  of  ice  withdrawal  from  the  Charaplain 
and  lower  St.  Lawrence  valleys,  has  been  least  perfectly  under- 
stood.    The  question  of  marine  invasion  subsequent  to  such  with- 
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drawal  and  its  relation  to  the  glacial  attitude  of  the  land  and 
postglacial  changes  of  level  have  been  inferred  from  rather  too 
widely  scattered  data  ;  and  the  conclusions  thus  reached  were 
perforce  somewhat  contradictory.  The  situation  required  ex- 
tended and  detailed  investigation  of  the  field  from  Manhattan  to 
the  St.  Lawrence. 

The  distinguishing  features  of  Prof.  Woodworth's  reports  on 
this  area  are  their  clear  and  dispassionate  discussion  of  the 
hypothesis  of  glacial  retreat  in  a  narrow  valley  and  of  the  forma- 
tion of  associated  marginal  deposits  (pp.  79-86,  No.  84)  ;  and 
the  interpretation  of  complex  deposits  over  an  extended  field.  In 
these  respects  the  reports  are  justly  comparable  to  Leverett's 
Monographs  on  the  glacial  history  of  the  Great  Lakes  region. 

To  the  student  of  glacial  geology  the  method  of  work  is  quite 
as  interesting  as  the  conclusions.  It  is  found  that  the  form  of 
the  Hudson  Valley  influenced  the  retreat  of  the  ice  so  strongly 
that  it  is  possible  to  outline  the  history  of  glacial  retreat  in  terms 
of  the  varying  cross-section  of  the  valley,  taking  into  account  the 
order  and  arrangement  of  the  deposits  made  either  by  ice  or 
tributary  streams.  In  the  Champlain  region  the  evidence  col- 
lected is  chiefly  from  the  New  York  side  of  the  lake  and  consists 
of  moraines,  dry  gorges  and  falls,  spillways,  beaches,  bars,  wave- 
cut  cliffs  and  benches,  and  marine  shells. 

While  the  conclusions  are  based  on  a  limited  amount  of  field 
work  and  cannot  therefore  be  regarded  as  final  on  account  of  the 
great  extent  of  the  field  and  the  complexity  of  the  details,  they 
nevertheless  have  a  high  value  because  of  the  discriminating 
choice  of  sites  critically  examined  for  decisive  evidence.      i.  b. 

4,  Geology  and  Water  Resources  of  Oklahoma  ;  by  Chables 
Newton  Gould.  Water-Supply  and  Irrigation  Paper  No.  148. 
Pp.  178,  with  32  plates  and  32  figures.  U.  S.  Geol.  Survey, 
Washington,  1905. — This  report  is  as  much  of  a  geologic  nature 
as  hydrographic  and  as  such  should  be  called  to  the  attention  of 
geologists.  The  Wichita  mountains  in  the  southern  part  of  the 
territory  consist  of  Archean  and  Lower  Paleozoic  formations  and 
are  completely  surrounded  by  Permian  strata.  The  lower  of 
these  "Ked  Beds"  are  believed  to  correspond  chronologically 
with  Carboniferous  limestones  in  Kansas.  Many  sections  are 
given  showing  the  gypsum  beds,  and  Prof.  Gould  believes  the 
Permian  here  to  be  wholly  marine.  The  Tertiary  deposits  of  the 
High  Plains  and  their  relation  to  water  supply  are  also  discussed. 

J.  B. 

5.  Bulleiins  of  the  Geological  Survey  of  Virgiiiia  ;  Thomas 
L.  Watson,  Geologist  in  charge.  No.  II.  The  Clay  Deposits 
of  the  Virginia  Coastal  Plain,  by  IIeinkicfi  Ries  ;  with  a  chap- 
ter on  The  Geology  of  the  Virginia  Coastal  Plain  by  William 
Bullock  Clark  and  Benjamin  Le  Roy  Miller.  Pp.  184,  with 
15  plates.  Board  of  Agriculture  and  Immigration,  1906. — This 
is  a  thorough  account  of  the  clay  occurrences  and  industry  of 
Virginia,  rendered  more  interesting  from  the  introduction  on  the 
general  geology  of  the  Coastal  Plain. 


\ 


88  Scientific  Intelligence. 

No.  Til.  Hydrography  of  Virginia;  by  N.  C.  Gbovbb  and 
R.  H.  Bolster.  Pp.  234,  with  lo  plates  and  1  text-figure.  This 
Bulletin  discusses  the  drainage  basins  of  the  prominent  rivers  of 
Virginia, — namely,  the  Potomac,  the  James,  the  Roanoke,  and 
New  River.  A  drainage  map  of  the  state  showing  gaging  and 
rainfall  stations  is  given,  and  a  large  amount  of  data  are  pre- 
sented for  the  individual  rivers. 

6.  La  Sierra  de  Cordoba :  Constitucion  geologica  y  ProdnctOB 
minerales  de  aplicacion ;  by  VV.  Bodbnbbndeb.  Rep.  Argen- 
tina An.  d.  Ministerio  d.  Agric.  Sec.  Geol.,  Tom.  I,  Num.  II,  1905. 
8°,  150  pp. — The  Sierra  de  Cordoba  lies  between  21°  and  23°  S. 
and  63^°  and  65°  W.  in  Argentina  with  a  general  north  and  south 
direction  and  is  composed  of  several  ranges,  some  of  whose 
peaks  have  altitudes  from  6-8000  feet.  The  memoir  is  devoted 
first  to  a  general  geological  description  of  the  area,  aided  by  a 
geological  map.  Then  follows  a  list  of  occurrences  of  minerals, 
of  which  a  large  number  of  species  are  mentioned.  The  rocks 
are  then  treated  and  brief  petrographic  descriptions  of  the 
different  kinds  are  given,  both  of  the  crystalline  schists  and 
igneous  rocks.  The  sedimentary  rocks  are  conglomerates,  sand- 
stones, etc.,  of  Cambrian  and  supposedly  Silurian  age  and  of  the 
Permian-Triassic,  with  argillaceous  beds  of  the  Pampas  terrane. 
The  work  concludes  with  a  brief  account  of  the  economic  min- 
eral deposits.  It  is  illustrated  by  a  considerable  number  of  half- 
tone cuts  of  photographs  illustrating  various  features  of  interest 
in  the  mountain  region.  The  work  is  more  or  less  general  and 
preliminary  in  character,  yet  contains  in  compact  form  a  great 
deal  that  is  of  interest  and  importance  concerning  a  little  known 
region.  l.  v.  p. 

7.  Contributions  from  the  Geological  Department  of  Colum- 
bia Univerifity.  Vol.  xii,  Nos.  107,  108.  Vol.  xiii,  Nos.  109-114. 
— These  include  numerous  geological  papers,  published  by  gen- 
tlemen connected  with  Columbia  University  in  various  journals 
and  society  transactions,  and  now  collated,  in  convenient  form 
for  binding,  in  sequence  with  similar  volumes  previously  dis- 
tributed. 

8.  The  Constitution,  of  the  Silicates.  —  In  a  paper  on  the 
Chemical  Constitution  of  the  Feldspars,  presented  to  the  Vienna 
Academy  in  1903,  Professor  Tscuermak  undertook  to  throw 
light  on  the  chemical  composition  of  the  feldspars,  especially  with 
reference  to  the  particular  ty|)e  of  silicic  acid  present.  From 
the  slow  decomposition  of  the  mineral  by  hydrochloric  acid  a 
hydrated  silicic  acid  is  separated  which,  when  exposed  to  the  air, 
rapidly  loses  water  for  a  number  of  days,  but  finally  passes  into 
a  condition  where  the  further  loss  is  very  slow,  except  upon 
ignition.  By  determining  the  amount  of  water  present  at  the 
point  named,  the  author  believes  that  he  establishes  the  constitu- 
tion of  the  silicic  acid  present.  For  anorthite,  for  example,  the 
loss  of  water  bv  iccnition  was  found  to  be  23*41,  while  the  acid 
HjiSiO,   requires  22-98.     The   conclusion    is   reached,   therefore, 
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that  anortbite  is  to  be  regarded,  not  as  an  orthosilicate,  but  as  a 
metasilicate.  Later  papers  on  the  same  general  subject  (Sitz- 
ongsberichte  Akad.  Wien  cxiv(i),  456,  1905,  cxv(i)  Feb.,  1906), 
discuss  the  matter  in  more  detail.  The  conclusion  is  reached 
that  while  willemite  and  monticellite  are  to  be  regarded  as  ortho- 
silicates,  olivine  is  a  metasilicate,  and  the  acid  present  in  garnet, 
epidote,  zoisite  and  prehnite  is  H^Si,Og;  the  formula  of  olivine 
would  be  written  (MgOMg)Si03. 

9.  An  Introduction  to  Chemical  Crystallography ;  by  P. 
Groth,  Authorized  Translation  by  Hugh  Marshall.  Pp.  vii, 
123.  New  York,  1906  (John  Wi'ley  &  Sons).— The  Chemical 
Crystallography  of  Professor  Groth  was  noticed  about  a  year 
since  when  the  German  edition  was  issued  (see  vol.  xix,  p.  467). 
We  have  now  an  authorized  English  translation  made  by  Dr. 
Hugh  Marshall  of  the  University  of  Edinburgh.  This  will  be 
found  very  useful  by  the  English-speaking  public  and  will  extend 
the  sphere  of  usefulness  of  this  valuable  work.  The  translation 
has  been  prepared  in  cooperation  with  the  author,  who  has  super- 
vised the  proof-sheets.  It  follows  the  original  closely  and  adds 
occasional  references  to  original  papers  or  abstracts  which  have 
appeared  in  the  Journal  of  the  Chemical  Society. 

10.  Geometrische  KristcUlographie  ;  by  "Ernst  Sommeefeldt. 
Pp.  139,  with  31  Tafeln  and  69  text-figures.  Leipzig,  1906 
(Wilhelra  Engelmann). — Those  interested  in  the  problems  of 
modern  crystallography,  handled  particularly  from  the  theoreti- 
cal side,  will  find  much  of  value  in  the  present  work.  A  series 
of  thirty-one  ingeniously  constructed  plates  at  the  close  of  the 
volume  present,  in  a  novel  way,  the  symmetry  conditions  and  the 
relations  of  the  existing  forms  to  each  other. 

11.  J^ude  8ur  V^tat  actuel  des  Mines  du  TVansvaal :  Les 
Gites — Leur  Valeury  £tnde  industrielle  et  Jinaiicihre  ;  by  George 
MoRBAU.  Pp.  218,  with  48  figures.  Paris,  1906  (Librairie 
Polytechnique,  Ch.  B6ranger,  Editeur). — This  is  a  useful  work  to 
those  interested  in  the  mines  of  South  Africa,  giving  a  descrip- 
tion of  the  country  and  its  geology  with  particular  reference  to 
the  Witwatersrand ;  a  full  discussion  of  methods  of  exploitation 
adopted  is  added.  The  author  speaks  enthusiastically  of  the  min- 
eral resources  of  the  Transvaal  and  its  possibilities,  although  he 
recognizes  some  of  the  limitations  to  its  development  which 
unavoidably  exist. 

12.  Anleitung  zum  Gehrauch  des  Polar isationsmikroskops  ; 
von  Dr.  Ernst  Weinschenk.  Pp.  vi,  147,  with  135  figures. 
Zweite,  umgearbeitite  und  vermehrte  Auflage.  Freiburg  im 
Breisgau,  1906.  (Herdersche  Verlagshandlung.  Zweignieder- 
lassungen  in  Wien,  Strassburg,  MUnchen,  und  St.  Louis,  Mo.) — 
An  excellent  presentation  of  the  polarization  microscope  in  its 
different  parts,  with  the  various  methods  of  investigation  applica- 
ble to  it  and  the  principles  involved  in  their  use.  It  is  well 
illustrated  and  gives,  in  small  compass,  just  the  information 
needed  by  students  of  the  subject.  It  should  be  in  the  hands  of 
every  one  concerned  with  this  field  of  investigation. 
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13.  Tahelleii  ztir  mikroskopischen  Bestimmung  der  Mineralien 
nach  ihrem  Brechiingsindex ;  von  Dr.  J.  L.  C.  Schrokder  van 
DER  KoLK.  Zweite  uragearbeitete  und  vermehrte  Auflage  ;  von 
E.  H.  M.  Beekman.  Pp.  vi,  68  with  folded  plate.  Wiesbaden, 
1906  (C.  W.  Kreidel). — The  first  edition  of  these  useful  tables  was 
issued  in  1900  and  noticed  in  volume  ix,  p.  229,  of  this  Journal. 
The  tables  have  been  rearranged  and  increased  in  size  by  Dr. 
Beekman,  and  in  their  new  form  will  unquestionably  prove  still 
more  valuable  to  those  interested  in  microscopic  mineralogy. 
The  preparation  of  this  new  edition  was  undertaken  in  order  to 
carry  out  the  plan  of  the  author,  who  died  on  June  17,  1905;  it 
consequently  follows  the  lines  laid  down  by  him. 

14.  Mineralogie  des  Departements  du  Mhone  et  de  la  Ltoirt; 
par  Ferdinand  Gonnard.  Pp.  122,  with  31  text-figures.  1906. 
Lyon  (A.  Rey)  and  Paris  (J.  B.  Bailli6re  &,  Fils).  Annales  de 
l'Univer8it6  de  Lyon.  Nouvelle  Serie  :  I.  Sciences,  M6decine, 
Fascicule  19.^-Thi8  is  an  account  of  the  mineral  species  which 
occur  in  two  of  the  departments  of  France  particularly  rich  in 
this  direction.  Among  the  most  conspicuous  species  may  be 
mentioned  the  azurites  of  Chessy,  the  zeolites  of  Mt.  Simiouse, 
the  calcite  of  Couzon  and  the  cerussites  of  Pacaudi^re.  The 
work  is  a  valuable  supplement  to  the  more  exhaustive  treatises 

on  mineralojxy. 

15.  Studien  ilher  JfeteorUen,  Vorgenonunen  auf  Grund  des 
Materials  der  Sannnlung  der  Uuiversitdt  Jierlin;  von  C.  Klein. 
Aus  den  Abhandlungen  des  Konigl.  Preuss.  Akademie  der  Wis- 
senschaften  vom  Jahre,  1906.  Pp.  141,  with  three  plates.  Ber- 
lin, 1906. — The  meteorite  collection  of  the  University  of  Berlin 
has  always  been  a  classical  one  ever  since  the  time  of  Gustav 
Rose.  For  many  years,  however,  the  collection  did  not  grow 
adequately,  and  it  is  only  since  Professor  Klein  took  hold  of  the 
matter  that  it  has  regained  its  relative  importance  among  the 
great  collections  of  the  world.  In  1887,  there  were  213  localities 
represented,  and  now  in  1906  the  number  has  increased  to  500. 
This  publication  is  much  more  than  a  mere  catalogue  of  the  spe- 
cimens represented,  for  it  also  gives  a  description  of  meteorites 
in  general,  with  a  special  account  of  certain  important  examples. 
One  of  the  most  interesting  of  these  has  been  earlier  described 
by  the  same  author,  namely  the  leucituranolite  of  Schafstadt. 

in.    Miscellaneous  Scientific  Intelligence. 

1.  Plaster'i)la(jues  for  Museums;  by  George  Lincoln  Good- 
ale  (Communicated). — The  fine  finish  of  a  properly  made  plaster 
mount  renders  it  preferable  to  shite  or  ground  glass  or  polished 
wood,  for  specimens  which  require  a  firm  support  and  a  good 
contrasting  surface.  The  excellent  mounts  which  have  been 
made  by  the  Dentons  sliow  clearly  the  adaptability  of  plaster  for 
even  the  most  delicate  and  brilliant  organisms.  The  problem  in 
our  Museum  was  to  provide  a  mount  which  should  answer  not 
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only  for  veiy  fragile  and  delicate  specimens,  but  would  at  the 
same  time  serve  to  keep  in  perfect  position  specimens  of  con- 
siderable weight  and  size.  It  was  imperatively  necessary  to 
secure  such  specimens  from  even  the  slightest  bending. 

The  Blaschka  glass  models  of  plants  in  flower  are  shipped  to 
our  Museum  fastened  to  a  firm  cardboard  which  answers  every 
purpose  as  a  permanent  mount  for  the  smaller  species.  But  even 
when  re-enforced  by  strips  of  wood,  the  larger  plates  of  card- 
board have  a  tendency  to  curve,  sometimes  in  more  than  two 
directions,  and  this  curvature  seemed  likely  to  put  the  larger 
models  in  some  peril  of  breaking. 

Acting  on  a  suggestion  of  Dr.  Libbey  of  Boston,  an  attempt 
was  made,  about  six  years  ago,  to  substitute  plaster-plates  for  the 
heavy  cardboard.  More  than  a  year  was  consumed  in  fruitless 
experimenting.  The  small  plates  were  fairly  strong  and  for  the 
most  part,  satisfactory,  but  the  larger  ones,  say  from  two  feet 
square  and  upward,  were  untrustworthy  and  therefore  of  no  use 
in  our  cases. 

Fortunately,  at  the  time  when  our  experiments  were  on  the 
eve  of  abandonment,  there  was  in  the  service  of  the  Museum  an 
expert  cabinet-maker  who  expressed  a  desire  to  undertake  a  con- 
tinuation of  the  work  along  a  different  line.  After  a  few  trials 
which  varied  in  success,  he  was  able  to  produce  plaques  of  high 
finish  and  great  density.  Tests  showed  that  these  new  plaques 
were  sufficiently  strong  to  bear  any  weight  to  which  it  was  likely 
they  could  ever  be  subjected,  and  moreover,  they  did  not  show 
the  least  tendency  to  bend.  About  fifty  were  made  four  years 
ago,  and,  after  they  had  been  exposed  to  all  reasonable  risks,  it 
was  found  that  they  had  not  sustained  any  permanent  injury  of 
any  sort.  During  the  last  three  years,  more  than  seven  hundred 
plates  have  been  successfully  made,  and  these  are  now  installed 
m  the  exhibition  rooms  of  the  botanical  section  of  the  Museum. 
They  are  so  strong,  so  free  from  curvature  and  so  attractive  in 
general  appearance,  that  they  appear  to  answer  every  require- 
ment as  mounts. 

The  following  is  the  method  of  their  manufacture: 

(1)  The  appliances.  On  a  stout  table  perfectly  levelled  there 
is  placed  a  plate  of  the  finest  plate-glass  of  the  required  size.  On 
our  tables  we  have  used  glass  of  a  convenient  size  for  our  work, 
namely  four  by  three  feet,  and  five  by  four  feet.  Care  is  taken 
to  choose  only  '*  first  "  plate:  "  seconds  "  are  likely  to  have  small 
blow-holes  or  slight  curvatures.  For  each  plate  on  the  table 
another  of  equal  size  and  of  about  the  same  thickness  is  placed 
near  at  hand. 

In  order  to  form  a  dam  around  the  sides  of  the  glass,  to  pre- 
vent the  plaster  from  running  off,  we  have  used  strips  of  wood 
of  just  the  thickness  of  the  desired  plaque.  These  are  simply 
put  in  place  and  not  fastened  to  the  glass  in  any  way. 

(2)  The  liquid  plaster  is  mjide  in  the  following  way  :  into  a 
large  pail  of  perfectly  clear  soft  water,  enough  fine  plaster  of 
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Paris  is  quickly  sifted  in,  with  constant  stirring,  until  the  mass 
becomes  of  the  proper  density. 

(3)  The  liquid  mass  is  now  poured  rapidly  without  the  forma- 
tion of  any  bubbles  upon  the  surface  of  the  glass  on  the  table, 
filling  all  the  space  between  the  strips  of  wood.  •  Then  as  quickly 
as  possible,  the  other  plate  of  glass  is  put  over  the  liquid,  great 
care  being  taken  that  no  bubbles  creep  in,  and  then  heavy 
weights  are  put  on  this  glass,  pressing  out  all  excess  of  liquid 
plaster.  In  the  course  of  fifteen  or  twenty  minutes,  depending 
on  conditions  not  yet  thoroughly  understood,  the  upper  glass  can 
be  separated  from  the  plaque,  by  gradual  lifting  at  one  side. 

In  ten  or  fifteen  minutes  more,  the  plaque  can  be  separated 
from  the  floor  glass.  At  this  time,  a  small  hole  is  to  be  made  in 
one  corner,  about  an  inch  and  a  half  from  the  edge;  this  serves 
for  hanging  the  plaque  on  a  nail  in  a  dry  room.  The  drying 
takes  place  slowly  in  winter,  but  in  summer  the  whole  ^eet 
will  be  thoroughly  dry  in  a  few  days. 

The  plate  can  now  be  cut  into  any  desired  shape  and  size  by  a 
simple  device.  First,  make  a  deep  scratch  in  the  plaster  where 
the  break  is  desired,  and  then  break  exactly  as  a  square  of  glass 
is  cut.  When  the  break  has  been  made,  the  edge  is  finished  by 
means  of  a  plane,  and  it  can  be  bevelled  also,  if  necessary. 

If  the  surface  has  too  glossy  a  finish,  reduce  the  luster  by  a 
common  stiff  brush  carried  evenly  over  the  whole  surface. 

We  have  made  many  attempts  to  improve  the  color  of  the 
plaques  by  the  addition  of  various  fine  pigments,  but  the  effect 
has  always  been  unsatisfactory.  The  color  tints  with  a  little 
Prussian-blue,  and  the  warmer  tints  with  a  very  little  vermillion, 
were  liked  by  many,  but  as  a  rule,  the  plain  undazzling  white 
has  been  found  best. 

We  are  now  employing  plaques  of  this  sort  also  for  our  cases 
in  which  we  are  installing  specimens  of  seeds,  fruits,  etc.,  which 
are  better  exhibited  without  any  covering  at  all.  In  this  way, 
for  instance,  specimens  illustrating  dissemination  are  placed 
before  the  public  in  a  very  attractive  manner.  The  contrast 
between  the  specimen  and  the  pure  white  plaster  mount  is  in  no 
instance  unpleasing. 

Cambridge,  Jnue,  1906. 

2.  The  American  Association  for  the  Advancement  of  Science. 
— The  special  summer  meeting  of  the  American  Association  will 
be  held  in  Ithaca,  New  York,  from  June  28th  to  July  3d.  Sev- 
eral Societies,  including  the  American  Physical  Society  and  the 
American  Chemical  Society,  are  to  meet  at  the  same  time  in 
affiliation  with  the  Association.  Professor  William  H.  Welch, 
of  Baltimore,  is  the  President  of  the  Association  for  the  Ithaca 
raeetin<r^  and  the  Vice  Presidents  of  the  several  sections  are 
given  in  the  following  list:  Section  A,  Mathematics  and  Astron- 
omy :  Edward  Kasner,  Columbia  University  ;  B,  Physics:  W.  C. 
Sabine,  Harvard  University;  C,  Chemistry:  Clifford  Richard- 
son, New  York  City  ;  D,  Mechanical  Science  and  Engineering : 
W.  R.  Warner,  Cleveland ;  E,   Geology  and  Geography  :  A.  C. 
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Lane,  Lansing,  Mich.;  F,  Zoolo<jy  :  E.  G.  Conklin,  University  of 
Pennsylvania;  G,  Botany:  D.  T.  MacDougall,  Carnegie  Institu- 
tion, Washington  ;  H,  Anthropology  :  Hugo  Mtlnsterberg,  Har- 
vard University  ;  I,  Social  and  Economic  Science :  Chas.  A. 
Conant,  New  York,  N.  Y.;  K,  Physiology  and  Experimental 
Medicine  :  Simon  Flexner,  Rockefeller  Institute,  New  York. 

3.  Memoirs  of  the  National  Academy  of  Sciences.  —  The 
fourth  memoir  of  Volume  X  has  recently  been  issued;  the  subject 
is:  Phoronis  Architecta,  Its  Life  History,  Anatomy,  and  Breed- 
ing Habits,  by  William  Keith  Brooks  and  Rheikart  Parker 
CowLKS.     Pp.  75-148,  with  17  plates. 

4.  Zeitschrift  fUr  Gletscherkunde,  fUr  Eiszeitforscliung  und 
Geschichte  des  Klimas.  Organ  der  Internationalen  Gletscher- 
commission ;  herausgegeben  von  Eduard  Bruckner.  Band  I, 
Heft  1,  pp.  80.  Berlin,  1906  (GebrUder  Borntraeger).— A  new 
journal  devoted  to  Glaciology  has  recently  been  inaugurated  as 
the  organ  of  the  International  Glacial  Commission,  with  Dr. 
Eduard  BrUckner  as  editor.  He  will  be  assisted  by  eleven  asso- 
ciate editors  ;  the  American  representative  is  Dr.  H.  F.  Reid,  of 
Baltimore.  The  journal  will  contain  discussions  of  subjects 
relating  to  glaciology  and  the  investigation  of  the  Ice  Age  in  all 
its  phases,  with  shorter  communications  on  the  same  subjects, 
reviews  of  books  and  papers  published  elsewhere,  and  a  general 
bibliography.  It  will  be  international  in  character;  while  the 
editorial  matter  will  be  in  German,  the  papers  and  communica- 
tions may  be  in  any  one  of  the  four  prominent  languages.  It 
will  be  issued  at  irregular  intervals,  not  more  than  five  parts 
annually,  each  part  containing  80  pages  octavo  ;  subscription 
price,  sixteen  marks.  The  first  number  has  just  been  distributed 
and  bears  the  date  of  May,  1906.  This  new  journal  fills  an 
important  gap  in  the  series  of  special  scientific  organs,  and  will 
doubtless  accomplish  much  in  promoting  interest  in  the  subjects 
with  which  it  deals  ;  it  should  receive  liberal  support. 

5.  Publications  of  the  Field  Columbian  Museum^  No,  109, 
Geological  iSeries,  Vol.  Hi,  No,  2,  The  Shelburne  and  South 
Bend  Meteorites;  by  Oliver  Cummixgs  Farrington.  Pp.  S?3, 
with  15  plates. — The  account  of  the  Shelburne  meteorite  as 
described  by  Borgstrom  was  given  in  the  January  number  of 
this  Journal  (p.  86).  Dr.  Karrington  now  describes  a  second 
stone  of  the  same  fall  weighing  12^  pounds.  Its  fall  was  quite 
unusual,  since  it  came  down  in  a  narrow  space  between  a  house 
and  a  shed,  narrowly  escaping  both  of  them,  and  burying  itself 
IS  inches  in  the  ground.  The  South  Bend  meteorite,  also 
described  in  this  pamphlet,  is  a  pallasite  weighing  5^  pounds,  and 
was  found  in  1893  two  miles  from  South  Bend,  in  St.  Joseph 
county,  Indiana.  This  is  the  sc  enth  pallasite  which  has  been 
discovered  in  the  United  States ;  it  is  referred  to  the  Imilac 
group  and  the  ratio  of  nickel-iron  to  chrysolite  is  21*4  to  786. 

No.  110,  Geol.  Series,  Vol.  ii,  No.  7.     The  Carapace  and  Plas- 
tron of   Basilemys    sinuosus,  a  new   Fossil  Tortoise   from   the 
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Laramie  Beds  of  Montana  ;  by  Elmer  S.  Riggs.     Pp.  249-256, 
with  three  plates. 

6.  Carneffie  Institution  of  Washington, — The  following  are 
recent  publications: 

No.  49.  Heredity  of  Hair-length  in  Guinea-pigs  and  its  Bear- 
ing on  the  Theory  of  Pure  Gametes;  by  W.  E.  Castle  and 
Alexander  Forbes.  Pp.  1-14.  (No.  5  of  Papers  of  the  Sta- 
tion for  Experimental  Evolution  at  Cold  Spring  Harbor,  N.  Y.) 

The  Origin  of  a  Polydactylous  Race  of  Guinea-pigs;  by  W.  E. 
Castlk.  Pp.  14-29  (No.  175  of  Contributions  from  the  Zoologi- 
cal Laboratory  of  the  Museum  of  Comparative  Zoology  at  Har- 
vard College,  E.  L.  Mark,  Director). 

No.  51.  Studies  on  the  Germ  Cells  of  Aphids  ;  by  N.  M. 
Stevens.     Pp.  28,  with  four  plates. 

V.  Personal  Htjgiene  designed  for  nndergraduates  ;  by  Alfred 
A.  WooDHULL,  A.M.,  M.D.,  LL.D.  Pp.\'ii-f-221.  N*ew  York 
(John  Wiley  &  Sons),  1906. — This  little  book,  the  outcome  of  a 
course  of  lectures  given  to  undergraduate  students  at  Princeton, 
presents  in  simple  language  sound  advice  regarding  the  develop- 
ment and  care  of  the  body.  A  few  introductory  chapters  briefly 
describing  the  general  anatomy  and  physiology  of  the  organ  sys- 
tems of  the  body  are  followed  by  chapters  on  physical  culture, 
fatigue,  elimination  of  waste,  bathing,  clothing,  food,  tobacco  and 
alcohol.  Careful  reading  of  this  book  cannot  fail  to  leave  in  the 
mind  of  the  student  a  better  appreciation  of  the  common  rules  for 
hygienic  living,  and  would  in  all  probability  increase  his  fature 
health  and  happiness. 

8.  The  Bulletin  of  the  Imperial  Central  Agrictdtvral  Experi- 
ment IStationy  Japan,  Vol.  i,  No.  1.  Pp.  94.  Nishigahara^ 
Tokio,  December,  1905. — Japan  has  already  forty-seven  indepen- 
dent agricultural  experiment  stations,  and  this  new  publication 
will  serve  to  make  public  the  results  of  the  investigations  carried 
on  in  them.  The  iirst  number  contains  eleven  articles,  treating 
largely  of  the  action  of  mineral  substances  on  vegetable  growth, 
or  on  bacterial  action. 

Obituarf. 

Dr.  Ernst  Schellwikn,  Professor  of  Geology  at  KOnigsberg, 
died  on  May  14th  in  his  fiftieth  year. 
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Art.  XI. — An  Investigation  into  the  Elastic  Constants  of 
JiocJcs^  more  especially  with  reference  to  Cubic  Compres- 
s^ihility;  by  Frank  D.  Adams  and  Ernest  G.  Coker. 


Introduction. — In  a  paper  published  in  1901  an  account 
was  given  of  an  investigation  into  the  deformation  of  marble 
under  varying  conditions  of  heat  and  pressure.*  Under  a 
grant  from  the  Carnegie  Institution  of  Washington  to  F.  D. 
Adams,  the  experimental  investigation  into  the  behavior  of 
rocks  under  pressure  has  been  continued  in  the  laboratories 
of  McGrill  university.  As  the  investigation  went  forward, 
however,  it  was  found  necessary  to  follow  out  several  separate 
lines  of  research,  the  results  of  wliich  it  is  proposed  to  present 
in  a  series  of  separate  papers. 

In  the  present  article  a  brief  resum^  is  presented  of  the 
methods  adopted  and  the  results  obtained  in  an  investigation 
into  the  elastic  constants  of  rocks,  more  especially  with  a  view 
to  ascertaining  the  amount  of  cubic  compression  wliicli  rocks 
will  undergo  when  submitted  to  pressure  from  every  side, 
all  rocks  or  course  being  subjected  to  such  compression  to  a 
greater  or  less  extent,  previous  to  the  deformation  which  they 
suffer  under  conditions  of  differential  pressure. 

A  full  presentation  of  the  results  of  the  investigation  will  be 
found  in  a  Publication  of  the  Carnegie  Institution  of  Wash- 
ington, No.  46,  having  the  same  title  as  the  present  paper,  and 
which  is  now  in  press,  to  wliich  the  reader  is  referred  for  full 
details  of  all  the  measurements  carried  out  in  the  case  of  each 
of  the  specimens  examined,  as  well  as  for  detailed  descriptions, 

*  Adams,  F.  J).,  and  Nioolson,  J.  T.  An  experimental  investigation  into 
the  Flow  of  Marble.  Phil.  Trans.  Royal  Soc.  Loudon,  Series  A,  vol.  cxcv, 
pp.  368-401. 
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color  process  photographs  and  inicrophotographs  of  each  of 
the  rocks  employed.  Before  the  investigation  was  completed, 
Dr.  Coker  was  called  to  the  Professorship  of  Mecnauical 
Engineering  in  the  P^iusbury  Technical  Institute  of  London, 
England,  and  was  accordingly  obliged  to  give  up  the  work  of 
the  researcli.  IIis  place  was  taken  by  Mr.  Charles  McKergow, 
Lecturer  in  Mechanical  Engineering  in  McGill  University, 
but  who,  ininiediately  on  the  completion  of  the  work,  was 
appointed  to  the  Professorship  of  Mechanical  Engineering  in 
the  University  of  Virginia.  A  large  number  of  the  very  care- 
ful measurements  of  the  elastic  constants  which  are  pre- 
sented in  the  paper  were  made  by  Professor  McKergow. 

Methods  v'hich    may   be  used  in    the   detennination   of  the 

Elastic  Constants  of  Mat^i'ials. 

The  determination  of  the  cubic  compressibility  of  solid 
substances  is,  as  above  mentioned,  beset  with  serious  diflScnlties. 
On  one  hand  every  direct  method  which  has  been  suggested 
presents  experimental  difficulties  which  tend  to  impair  its 
accuracv,  while  on  the  other  hand  the  indirect  methods  are 
based  on  assumptions  as  to  the  isotropy  of  the  materials, 
which  are  not  warranted  in  the  case  of  certain  rocks.  The 
indirect  methods,  however,  depending  on  the  theory  of  elas- 
ticity, are  capable  of  considerable  variation,  and  it  is  of  inter- 
est to  examine  them  in  some  detail  in  order  to  see  whether 
certain  of  them  at  least  may  not  be  depended  upon  to  give 
reliable  and  satisfactorv  results. 

The  determination  of  the  elastic  constants  of  metals  has 
engaged  the  attention  of  many  physicists  and  at  the  present 
time  a  large  amount  of  information  exists  as  to  the  values  of 
thcvse  constants  for  various  metals. 

It  is  well  known  that  in  homogeneous  elastic  substances,  a 
simj)le  compression  stress  causes  a  lateral  strain,  which  bears  a 
fixed  ratio  to  the  compression  strain  for  any  particular  sub- 
stance within  the  limit  of  elasticity.  If  then*  we  call^;^  the 
stress  on  a  plane  peri)endicnlar  to  ;r  in  the  direction  a?,  and  tf, 
the  corresponding  stniin,  then  for  a  direct  compression  stress 
jjj,  tliere  will  be  a  strain  in  the  direction  of  this  stress  of 
2Ln\o\\\\t  px/E^  where  /fis  Young's  modulus,  and  lateral  strain 
of  magnitude  p^/tnE^  where  tn  is  the  ratio  of  the  longi- 
tudinal compression  to  the  lateral  extension  per  unit  of  length. 

If  we  suppose  further  that  a  body  is  subjected  to  cubical 
stress  of  intensity7>a.,  we  easily  see  that  for  small  and  there- 
fore superposable  strains,  the  cubical  strain  Cc  is 

*  See  Ewing's  Strength  of  Materials,  Chapters  I  and  II. 
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and  since  tlje  modulus  of  compressibility  D  is  the  ratio  of  the 
stre^  per  unit  of  area  to  the  cubical  strain  produced,  we  have 

J) =^'' =  y  - '''— E 

Hence  if  we  know  ^and  m  we  can  calculate  the  value  of  D, 
Further,  it  is  shown  in  treatises  on  elasticity  that  if  C  is  the 
modulus  of  shear,  then 

(•='^  "*     E 

2    m  +  l 

and  since  6' and  ^are  quantities  wliich  can  be  ascertained  by 
experiment,  we  can  from  them  calculate  m  and  D. 

In  an  important  paper  by  Nagaoka*  this  latter  method  has 
been  used  to  determine  the  elastic  constants  of  a  series  of  rocks. 
The  value  of  E  \vas  determined  by  supporting  a  bar  at  the 
ends  and  measuring  the  angular  change  at  the  support  due  to 
a  given  load  applied  at  the  center ;  the  value  of  JS  is  then 
obtained  by  the  formula  £=Swl*/4:ld*d,  where  /  is  the  length 
of  the  bar  between  the  supports,  h  is  the  breadth  of  the  bar,  d 
the  depth  and  0  the  angular  change  at  the  ends  for  a  load  IF. 
In  order  to  determine  the  value  of  rn,  a  specimen  of  rectangu- 
lar section  was  twisted  by  a  given  torque,  jT,  and  the  amount 
of  the  strain  measured.  It  has  been  shown  by  St.  Venant  that 
for  such  a  case  the  value  of  O  is  given  by  the  formula 

where  0  is  the  angular  change,  and  from  this  formula  values 
of  C  were  calculated  from  the  observations. 

This  method  appears  to  be  open  to  some  minor  objections  in 
that  the  formula  for  determining  E  is  based  upon  a  theory  of 
flexure,  which  although  sufficient  for  many  purposes  is  never- 
theless only  approximate,  and  it  is  well  known  that  values  of 
/T  obtained  by  flexure  experiments  in  this  manner  often  differ 
from  the  values  of  E  obtained  by  direct  compression  experi- 
ments by  not  inconsiderable  amounts. 

Further,  in  experiments  upon  the  deflection  of  beams  cut 
from  rocks,  it  is  difficult  to  obtain  consistent  readings  because 
of  the  time  effect  of  the  loading,  and  this  difficulty  is  noticed 
in  tl;e  paper  cited. 

Experiments  on  the  determination  of  the  elastic  constants  of 
rocks  when  subjected   to   twist  were  also  found  to   be   fre- 

*  Elastic  Constants  of  Rocks  and  the  Velocity  of  Seismic  Waves;  H.  Nag- 
aoka.— Phil.  Mag.,  vol.  l,  1900.  p.  53. 
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quently   unsatisfactory  owing  to  the  low '  ultirac^te  shearing 
value  of  many  rocks. 

While  a  glance  at  the  list  of  rocks  whose  elastic  constants 
have  been  measured  by  Nagaoka  will  at  once  show  that  most 
of  them  are  rocks  whose  elasticity  must  be  of  a  very  imperfect 
kind,  e.  g.,  weathered  clay  slate,  schalstein,  tuff,  etc. ;  the 
method  which  he  has  employed  for  the  determination  of 
Young's  modulus  gives  very  low  results,  even  in  the  case  of 
rocks  such  as  mai'ble  and  granite,  where  the  elasticity  might 
be  supposed  to  be  of  a  high  order  and  comparable  to  that 
which  these  rocks  are  shown  to  possess  in  the  case  of  the  types 
selected  for  investigation  in  the  present  paper.  This  is  seen 
in  the  following  figures  representing  the  values  obtained  by 
him  for  each  of  the  marbles  and  granites  contained  in  his  list : 

Paleozoic  Marble :  E  (Young's  modalos). 

No.   IIA 10,120,000 

llB 7,960,000 

12A 5,440,000 

1  L>B 4,770,000 

Granite 

No.  69  (Shodoshima)    6,140,000 

68  (Hitachi) 2,863,000 

71  (       "      ) 2,176,000 

56  (       "       ) 1,588,000 

52  (        "       ) 3,265,000 

Of  these,  marble  No.  11,  if  a  mean  of  the  two  readings  be 
taken,  has  about  the  same  modulus  as  the  average  of  those  on 
our  list,  while  No.  12  is  very  much  lower.  The  highest  value 
given  for  any  granite  in  Nagaoka's  list,  viz :  No.  69,  is  some- 
what higher  than  that  of  the  lowest  of  the  granites  in  our 
series,  tliat  from  Stanstead.  The  other  granites  examined  by 
Nagaoka  have  values  for  J? assigned  to  them  which  are  so  low 
that  they  are  comparable  only  to  that  of  the  sandstone  in  our 
series.  Of  the  three  sandstones  included  in  Nagaoka's  list  the 
Izumi  sandstone  of  the  Mesozoic  has  modulus  of  1,322,000, 
while  the  other  two,  which  belong  to  the  Diluvium,  have  values 
for  E  of  587,500  and  583,000  respectively. 

And  so  when  an  attempt  is  made  to  calculate  the  cubic  com- 
pression {D)  from  the  values  given  in  Nagaoka's  list  and 
obtained  by  his  method,  it  is  found  that  a  negative  value  is 
actually  obtained  in  about  one-third  of  the  rocks  which  he  has 
examined.  His  figures,  however,  were  intended  chiefly  for  the 
purpose  of  calculating  the  velocity  of  the  proj>agation  of  earth- 
qualve  shocks. 

In  consequence  of  a  number  of  somewhat  imsatisfactory 
results  obtained  by  the  writers  in  some  preliminary  experiments 
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with  this  method,  as  well  as  the  facts  with  regard  to  Naeaoka's 
figures  just  mentioned,  it  was  decided  to  adopt  a  somwnat  dif- 
ferent method  and  one  which  avoided  both  torsion  and  flexure 
and  depended  simply  on  strain  produced  by  simple  compressive 
stress.  This  will  be  termed  the  '*  Method  of  Simple  Compres- 
sion." Among  the  possible  indirect  methods,  this  seems  to  be 
the  most  satisfactory,  since  the  assumptions  necessary  in  the 
calculation  of  compressibility  are  reduced  to  a  minimum,  and 
the  range  of  stress  for  which  the  ratio  of  stress  to  strain  is 
practically  constant  is  great. 

It  was  found  possible  to  measure  the  strain  obtained  very 
accurately  by  means  of  an  apparatus  forming  part  of  the  equip- 
ment of  the  testing  laboratory  of  McGill  University,  for  the 


n 


Fio.  1.     Instrament  for  determining  the  modulus  of  a  simple  strain. 

use  of  which  we  are  indebted  to  Professor  H.  T.  Bovey .  This  is 
an  instniment  designed  by  Professor  Ewing,  and  of  which  a 
sketch  is  given  in  figure  1.  In  this,  ^  is  a  specimen  of  the 
rock  gripped  by  screws  passing  through  a  pair  of  collars,  B^ 
which  are  1*25  inch  apart,  to  which  latter  metal  rods,  f,  are 
attached.  The  upper  rod  carries  a  glass  plate,  2?,  with  a  fine 
line  scratched  upon  it,  the  position  of  which  can  be  adjusted 
by  a  screw,  E^  while  the  lower  rod  carried  a  micrometer-micro- 
scope, E.  The  upper  and  lower  collars,  B^  are  connected  by 
a  stud,  G^  the  upper  one  engaging  with  the  conical  hole  of  the 
swivel  piece,  H^  in  the  lower,  and  contact  is  maintained  by  a 
spring,  /,  while  the  weights  of  the  microscope  and  projecting 
arms  are  balanced  by  lead  cylinders,  J,  A  buzzer  was  attached 
to  the  upper  lead  cylinder  which  when  operated  caused  a  slight 
vibration  in  the  instrument,  producing  a  perfect  adjustment 
as  the  pressure  was  applied. 

The  proportions  or  this  instrument  were  so  adjusted  that 
one  division  on  the  micrometer  scale  corresponded  to  ^yTrVirTr 
of  an  inch,  and  before  using  it  the  instrument  was  calibrated 
by  aid  of  a  Whitworth  measuring  machine  and  was  found  to 
be  in  correct  adjustment. 
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The  linear  straiD  perpendicular  to  the  length  of  the  speci- 
men was  measured  by  an  instrument  which  had  been  designed 
by  E.  G.  Coker  some  time  previonsly  for  experiments  on  the 
lateral  strains  developed  in  metals.*  This  is  shown  in  fignre 
2,  and  consists  of  a  pair  of  brass  tubes,  S,  B',  provided  with 
set  screws,  A,  A',  for  attachment  to  the  specimen,  and  con- 
nected together  by  a  flexible  steel  plate,  F,  forming  the  fnl- 


FiG.  3.     Perspective  view  of  lateral 


crum.  The  ends  of  the  tubes  near  tlie  fulcrum  plate  are 
pressed  apart  by  an  adjustable  spring,  S,  to  insure  a  uniform 
pressure  on  the  screw  points  gripping  the  specimen.  On  the 
opposite  end  of  one  of  the  tuijos  is  a«)iring,  D,  of  ebony  press- 
ing against  a  double  knife-edge.  A,  seated  in  a  shallow  V- 
notch  cut  in  the  end  of  the  other  arm.  The  knife-edge  car- 
ries an  adjustable  mirror,  M,  so  that  if  any  change  in  the 
diameter  of  the  specimen  occui-s  the  two  tubes  move  relatively 
to  one  another  in  a  horizontal  plane,  thereby  causing  the  knife- 
edge  mirror  to  rotate ;  tlie  rotation  of  this  latter  is  observed 
and  measured  by  a  telescope  and  scale  placed  at  a  suitable 
distance. 

For  convenience  in  adjustment,  there  is  a  screw,   Z,  for 

tilting  the  apparatus  about  the  axis  of  the  gripping  screws, 

and  the  tubes,  B,  B\  arc  trussed  to   prevent  vibration.     This 

instrument  was  calilirated   by  aid   of  a  Whitworth  measuring 

'See  Proceedings  Hoyul  Soc,  Edinbiirgb.  Sesaion  1904-5,  vol.  ixv,  pt.  vi. 
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machine  and  the  scale  adjusted  so  that  one  division  corre- 
sponded to  one  millionth  ojf  an  inch. 

Application  of  the  Method  of  Simple  Compression  to  the  De- 
termination of  the  Cubic  Compress ibilitt/  of  Metals, 

The  behavior  of  such  metals  as  wrought  iron  and  steel  over 
a  wide  range  of  stress  shows  that  these  metals  may  be  con- 
sidered as  almost  perfectly  elastic.  The  results  of  the  theory 
of  elastic  bodies  may  therefore  be  applied  in  their  cases  with 
great  confidence. 

As  a  typical  example  of  the  behavior  of  such  materials  we 
may  consider  the  deportment  of  a  specimen  of  wrought  iron 
when  subjected  to  a  cycle  of  compression  stresses,  commencing 
at  1,000  pounds  and  rising  to  9,000  pounds,  afterwards  re- 
turning to  the  original  load.  The  readings  obtained  for  the 
longitudinal  and  lateral  strains  will  show  in  such  a  case  that 
equal  increments  or  decrements  of  load  produce  strains  which 
are  very  exactly  proportional  thereto.  This  is  clearly  shown 
in  a  plot  of  these  readings,  where  the  ordinates  represent  the 
total  load  and  the  abscissae  represent  strains.  In  both  cases 
the  relation  of  stress  to  strain  is  represented  by  a  straight  line 
returning  upon  itself.  Traces  which  vary  but  very  little  from 
the  ideal  straight  line  are  given  by  black  Belgian  marble,  as 
will  be  seen  on  page  114. 

Such  results  afford  an  arbitrary  standard  by  which  can  be 
judged  the  degree  of  approximation  to  perfect  elasticity  ex- 
libited  by  other  metals  and  by  rocks  under  similar  conditions. 

If  we  now  calculate  the  value  of  the  modulus  Eior  simple 
compi^ession,  since  this  is  the  relation  of  the  compression 
stress  p  to  the  strain  «,  we  have 

pz=zEe. 

If  we  call  A  the  cross-sectional  area  of  the  specimen  when 
stressed  by  a  load  P,  and  x  the  decrease  of  length  over  a 
measured  length  Z,  gripped  between  the  screw  points  of  the 
measuring  apparatus,  we  obtain 

PL 


E^ 


xA 


which  in  the  case  of  a  specimen  of  wrought  iron  examined  for 
a  range  of  8,000  pounds,  gave  a  value  of  28,100,000,  the  units 
being  pounds  and  inches. 

The  ratio  vi  of  the  longitudinal  strain  to  the  lateral  strain  in 
the  same  case  was  3*65,  and  using  the  formula 


3  m-2 
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we  obtain  for  the  iiiodiiliis  of  cubical  compression  (or  bulk 
modulus)  D,  the  value  21,300,000,  a  conetant  for  the  material, 
the  reciprocal  of  which  gives  the  decrease  in  volume  of  1 
cubic  inch  for  1  pound  of  preBsiii-e. 

Wiiile  certain  rocks,  such  as  many  of  the  marbles,  have  a 
structure  identical  with  titat  of  wrought  iron,  most  of  the 
rocks  constituting  tlie  eartlfs  crust  are  composed  of  several 
minerals,  and  thus  rather  resemble  cast  iron  in  character,  the 
gray  variety  of  this  substance  being  an  aggregate  of  crystals 
or  individuals  of  the  metal  iron  (wrought  iron),  graphite,  etc. 

It  will  therefore  be  of  interest  to  ascertain  how  a  specimen 
of  cast  iron  behaves  under  compression  stress,  and  how  far  its 
elasticity  falls  short  of  that  which  would  be  exhibited  by  a 
perfectly  clastic  body. 


/ 

sooo 

/, 

/ 

Pia.  3.     Cast  iron  stresB  strain  carves. 

For  this  purpose  a  tine-grained  specimen  of  somewhat  hard 

cast  iron  was  faced  and   tested.     The  stress  strain  curves  are 

fl<rfted  in  figure  3.  I  represents  longitudinal  compression  and 
I  lateral  extension. 
Tlie  behavior  of  cast  iron  as  exhibited  by  these  experi- 
mental results  shows  a  falling  nway  from  the  theoretical 
standard  of  perfect  elasticity,  but  even  in  the  most  perfectly 
elastic  bodies  there  is  probably  a  slight  hysteresis  effect,  so 
that  we  are  justified  in  using  the  results  obtained  to  calculate 
the  modulus  of  compressibility,  if  the  error  introduced  thereby 
is  negligible  or  very  small. 

It  may  be  pointed  out  that  this  method  and  others  of  the 
indirect  type  have  been  freely  used  to  obtain  values  of  the 
bulk  modulus  for  cast  iron  and  metals  of  like  character,  and 
it  will  be  shown  that  the  civmposite  crystalline  rocks  are  yery 
similar  to  east  iron  in  their  behavior  under  stress,  although 
generally  more  perfectly  clastic. 
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Application    of  the  Method   of   Simple    Compression    to   the 
Determination  of  the  Compressibility  of  Rocks. 

As  has  been  noted,  it  was  found  in  the  case  of  marble  when 
subjected  to  bending  stress,  that  the  strain  as  exhibited  by  the 
deflection  of  a  point  of  the  bar  increases  with  the  time,  and 
the  strength  under  shear  produced  by  a  torque  was  also  so 
small  that  a  determination  of  the  strain  was  very  diflicnlt  to 
measure. 

These  difliculties  have  been  noted  by  Nagaoka,*  who  states 
that  "  Preliminary  experiments  on  granite  showed  that  Hooke's 
law  does  not  hold  even  for  very  small  flexure  and  torsion,  and 
that  the  after  effect  is  very  considerable  when  the  prism  is 
sutBcientlv  loaded  or  twisted :  the  deviation  from  tlie  direct 
proportionality  between  strain  and  stress  was  incomparably 
orreat  as  compared  with  that  observed  in  common  metals. 
This  must  be  chiefly  due  to  the  low  limit  of  elasticity,  so 
that  it  is  necessary  to  experiment  only  within  narrow  limits 
of  loading  and  twisting.  These  limits  are  widely  different  for 
different  specimens  of  rocks,  and  the  modulus  of  elasticity  as 
well  as  that  of  rigidity  was  always  determined  with  such 
stresses  as  will  approximately  produce  strains  proportional  to 
them.  The  deviation  from  Hooke's  law  was  prominent  in 
certain  specimens  of  sandstone,  and  it  was  more  marked  in 
torsion  than  in  flexure  experiments;  in  certain  rocks  it  is 
indeed  doubtful  if  anything  like  a  proportionality  between 
stress  and  stmin  can  be  found,  even  for  extremely  small  change 
of  shape:  on  releasing  these  rocks  from  stress  the  return 
toward  the  former  state  is  extremely  small,  showing  that  the 
elasticity  of  the  rocks  is  of  very  inferior  order." 

If,  however,  the  rock  be  subjected  to  direct  compression, 
strains  in  which  the  time  effect  is  small,  and  the  lag  of  the 
strain  is  also  small,  are  almost  invariably  obtained.  This  is 
especially  the  case  if,  before  the  actual  experiment  is  carried 
out,  the  material  be  several  times  subjected  to  a  range  of 
stresses  at  least  as  great  as  those  employed  in  the  experiment 
itself.  This  preliminary  stressing  brings  the  material  to  a 
"state  of  ease,"  and  is  also  commonly  adopted  when  the 
elastic  constants  of  metals  are  determined. 

It  is  evident  therefore  that  this  Direct  Compression  Method 
may  with  confldence  be  applied  to  tlie  measurement  of  the 
cubic  compression  of  rocks,  although  as  cnentioned  balow  the 
accuracy  of  the  results  obtained  will  differ  with  different 
classes  of  rocks.  If  the  rocks  b3  massive,  campaet  and  crys- 
talline (or  glassy),  the  method  can  be  safely  employed  and  good 
results  will  be  obtained.     If,  on  the  other  hand,  the   rock  is 

*  Elastic  Constants  of  Rocks  and  the  Velocity  of  Seismic  Waves  ;  Nagauka, 
H.— Phil.  Mag.,  Tol.  l,  1900,  p.  58. 
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schistose,  poroiis  or  loosely  coherent,  the  method  will,  from  the 
nature  of  the  case,  be  very  ranch  less  satisfactory. 

The  plutonic  igneous  rocks  as  a  class  most  nearly  resemble 
the  metals  in  structure,  being  holocrystalline  and  massive,  and 
therefore  present  the  nearest  approach  among  rocks  to  perfectly 
elastic  bodies  :  they  are  therefore  a  class  of  rocks  to  wnich  this 
method  is  especially  applicable.  It  fortunately  happens  that 
they  also  form  a  class  of  rocks  a  knowledge  of  wnose  com- 
pressibility is  of  special  importance  for  the  elucidation  of 
geological  problems,  constituting  as  they  do  the  greater  part  of 
the  earth's  crust. 

A  second  class  of  rocks  which  are  comparable  to  them  in 
their  approach  to  perfect  elasticity,  comprises  the  marbles  and 
certain  limestones. 

A  series  of  sixteen  typical  rocks  representative  of  these  two 
classes  were  accordingly  selected  for  measurement ;  under  the 
first  class  a  number  of  granites  were  chosen  as  representing 
the  acid  plutonic  rocks,  and  a  number  of  types  of  the  gabbro- 
essexite  series  were  selected  as  representing  the  basic  plutonic 
rocks.  In  all  cases  great  care  was  taken  to  choose  the  most 
homogeneous  and  massive  rocks  of  each  series,  and  to  secure 
test  pieces  free  from  all  flaws  and  cracks.  As  representing 
the  second  class  a  number  of  typical  marbles  and  limestoneB, 
also  perfectly  massive  in  character,  were  selected.  For  pur- 
poses of  comparison,  or  contrast,  a  sandstone  was  added  to  the 
list  as  being  a  rock  which,  on  account  of  its  more  or  less  porous 
nature,  could  hardly  be  expected  to  yield  satisfactory  results 
by  this  method. 

An  examination  of  the  stress  strain  curves  of  these  16  rocks, 
omitting  the  sandstone,  shows  that  on  the  average  they  possess 
a  rather  more  perfect  elasticity  and  exhibit  less  hysteresis  than 
cast  iron.  Some  of  them,  as  for  instance,  the  Baveno  granite, 
the  nepheline  syenite,  the  diabase  and  the  black  Belgian 
marble,  show  much  better  curves,  approximating  in  fact  to  the 
straight  lines  given  by  wrought  iron,  which  may  be  considered 
for  our  present  })urpose  as  expressing  perfect  elasticity. 

The  close  approximation  to  ])erfect  elasticity  is  shown  by 
the  return  of  the  curve  to  its  initial  or  starting  point,  and  the 
amount  of  the  hysteresis  is  shown  In-  the  width  of  the  loop. 

The  width  of  this  hysteresis  (or  lag)  curve  or  loop  indicates 
the  amount  of  the  divergence  from  Ilooke's  law  which  the 
material  exhibits — this  law  being  that  the  stress  and  strain  are 
directly  proportional.  When  the  curve  is  narrow,  as  it  is  in 
all  cases  except  the  Stanstead  granite  and  the  sandstone,  the 
divergence  from  IlookeV  law  is  not  great  enough  to  seriously 
aifect  the  result. 

The  rocks,  therefore,  with  these  exceptions,  fulfil  the  condi- 
tions of  elasticity  necessary  to  the  successful  application  of  the 
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method.     In  these  two  cases  the  results  are  less  certain  owing 
to  the  greater  hysteresis  of  the  rock. 

It  might  at  first  sight  appear  that  while  the  method  em- 
ployed is  theoretically  perfect  as  applied  to  the  measurement 
of  the  compressibility  ot  vitreous  rocks  and  of  very  fine-grained 
crystalline  rocks,  a  considerable  error  might  be  introduced  when 
the  rocks  are  coarser  in  grain.  In  the  case  of  all  the  common 
crystalline  rocks,  the  individual  grains  of  which  the  rock  is 
composed  are  anisotropic,  that  is  they  have  different  moduli 
of  elasticity  in  different  directions.  In  massive  rocks  such  as 
those  investigated,  however,  these  grains  occur  in  the  rock 
with  an  absolutely  irregular  orientation  and  would  in  the  case 
of  a  fine-grained  rock  mutually  compensate  for  one  another  in 
any  transverse  line  along  which  the  expansion  of  the  rock 
under  compression  might  be  measured.  If,  however,  the  rock 
were  coarser  in  grain,  fewer  individual  crystals  would  be  found 
in  any  transverse  line  of  section,  and  there  might  possibly  in 
this  way  be  lack  of  compensation,  as  the  rock  in  one  section 
might  be  composed  of  grains  whose  axis  of  greater  elasticity 
approximated  on  an  average  more  nearly  to  the  direction  of 
measurement  than  in  other  sections.  If  such  were  really  the 
case,  there  should  be  in  these  coarser-grained  rocks  an  excep- 
tionally great  variation  in  the  readings  obtained  from  different 
specimens  of  the  same  rock,  as  well  as  from  the  different  sec- 
tions in  the  same  specimen. 

But  such  is  not  the  case,  as  will  be  seen  by  an  examination 
of  the  figures  in  the  accompanying  table.  These  represent  the 
results  obtained  from  ten  measurements  of  the  compressibility 
of  Baveno  granite,  which  is  coarse  in  grain,  and  ten  of  Sud- 
bury diabase,  which  is  very  fine  in  grain,  together  with  eight 
measurements  of  Tennessee  limestone,  which  is  rather  coarse 
grain,  and  seven  of  plate  glass.  They  were  made  in  each  ease 
on  two  or  more  specimens  cut  from  the  same  mass,  and  the. 
measurements  of  the  expansion  were  made  on  several  different 
planes  through  each,  so  that  in  every  case  the  measurement 
was  effected  m  a  different  line  through  the  rock,  all  of  these, 
however,  of  course  being  at  right  angles  to  the  direction  of  the 
compressive  stress  and  lying  in  the  medial  plane  of  the  column. 

Maximum.  Minimum.  Difference. 
Baveno  granite  (coarse),  10 

trials 4,880,000        4,380,000  500,000 

Sudbury  diabase  (very  line), 

10  trials 11,170,000       9,655,000        1,516,000 

Plate  glass,  13  trials 6,930,000       6,020,000  910,000 

Tennessee  marble  (rather 

coarse),  7  trials 6,130,000       5,770,000  360,000 

It  will  thus  be  seen  that  there  is  no  correspondence  between 
the  coarseness  of  grain  and  the  magnitude  of  the  variations  in 
the  readings  obtained.     The  differences  in  glass,  which  is  an 
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isotropic  material  in  which  the  elasticity  is  equal  in  all  direc- 
tions, are  greater  than  in  the  Tennessee  marble,  which  is  rather 
coarse  in  grain,  and  in  Baveno  granite,  which  is  the  coarsest 
rock  of  the  set.  The  greatest  differences  obtained  are  those 
found  in  the  iinest-grained  rock  in  the  series,  viz.,  the  Sudbury 
diabase. 

It  is  evident  therefore  that  the  different  moduli  of  elasticity 
of  the  constituent  grains  of  a  rock  do  not  introduce  any  per- 
ceptible error  in  measurements  made  by  this  method,  when  a 
column  an  inch  in  diameter  is  employed,  and  when  the  rocks 
are  not  coarser  in  grain  than  the  Baveno  granite.  In  fact, 
when  surrounded  on  all  sides  by  other  grams,  no  individual 
grain  can  expand  freely,  as  it  would  if  subjected  to  compres- 
sion unhampered  by  any  surrounding  medium,  and  thus  the 
anisotropic  character  of  the  individual  grains  produces  but  little 
effect  on  the  elasticitv  of  the  rock  as  a  whole. 

These  experiments  also  show  that  in  the  case  of  rocks  com- 
posed of  several  minerals,  it  makes  no  perceptible  difference 
whether  the  points  of  attachment  of  the  instrument  are  em- 
bedded in  the  grains  of  one  mineral  or  of  another.  The  chief 
source  of  error,  and  the  one  to  which  the  variations  observed 
are  for  the  most  part  to  be  attributed,  seems  to  be  a  mechani- 
cal one,  viz.,  the  difficulty  of  getting  an  ideal  contact  between 
these  points  of  attachment  and  the  specimen,  especially  iu 
view  of  the  extremely  small  dimensions  of  the  movement  to  be 
measured. 

The  question  of  the  influence  of  temperature  on  the  elasti- 
city and  compressibility  of  rocks  is  of  course  one  which  has 
an  important  bearing  on  certain  problems  of  geophysics.  The 
only  investigation  of  this  subject,  so  far  as  can  be  ascertained, 
consists  of  a  few  preliminary  experiments  by  Nagaoka  and 
Kusakabe.*  In  these  the  torsion  method  was  employed,  and 
•the  experiments  were  carried  out  on  a  single  rock,  viz.,  sand- 
stone. Tills  rock,  as  has  already  been  mentioned,  being  porous 
and  stratified  in  cliaraeter,  is  a  material  whose  elastic  proper- 
ties are  far  from  ideal.  The  results  are  summed  up  by  the 
authors  in  the  following  words:  '' Preliminary  experiments 
with  sandstone  show  that  the  modulus  of  elasticity  is  much 
affected  by  the  variation  of  temperature,  i.  e.,  about  0*5  per 
cent,  per  degree.  It  does  not,  however,  necessarily  diminish 
with  the  increase  of  temperature  where  the  temperature  is  low, 
i.  e.,  it  is  maximum  about  9°  (\'' 

As  has  been  shown,  however,  the  values  for  the  elastic  con- 
stants obtained  by  this  torsion  and  bending  method  have 
yielded  results  which  cannot  in  all  cases  be  correct,  and  which 
differ  verv  considerably  from  those  obtained  by  the  much  more 

*  Modulus  of  Elasticity  of  Rocks,  and  Velocities  of  Seismic  Waves,  Publi- 
cations of  the  Earthquake  Investigation  Committee,  No.  17,  Tokyo,  19(H, 
p.  43. 


Adams  and  Coker — Elaatio  Constants  of  Rocks,      107 

direct  and  simple  method  which  has  been  employed  in  the 
present  paper.  These  results  bearing  on  the  variation  of  elasti- 
city induced  by  changes  of  temperature,  especially  in  view  of 
the  fact  that  they  are  stated  by  the  investigators  to  be  "  pre- 
liminary," can  as  yet  hardly  be  taken  as  of  general  application 
to  all  rocks,  even  if  correct  for  the  specimen  of  sandstone 
examined.* 

In  our  own  investigations  the  laboratory  was  maintained 
at  a  temperature  of  from  63°  to  68''  F.  (17-2°  C.  to  20°  C),  and 
a  thorough  investigation  into  the  effect  of  temperature  was 
not  undertaken,  as  this  would  be  very  difficult  to  carry  out 
when  employing  the  method  of  direct  compression  used,  the 
difficulty  consisting  in  heating  the  specimen  itself  without  in 
any  way  affecting  the  measuring  apparatus  attached  to  it. 

It  seemed,  however,  possible  to  ascertain  whether  any  serious 
change  in  the  elastic  constants  of  the  massive  crystalline  rocks 
employed  in  the  present  investigation  would  result  from  a 
moderate  change  of  temperature.  For  purposes  of  trial  the 
rock  selected  was  the  Sudbury  diabase,  a  typical  fine-grained 
plutonic  rock.  A  column  of  it  was  placed  by  Mr.  McKergow 
in  a  small  testing  machine,  having  a  capacity  of  50  tons,  and 
the  temperature  of  the  room  in  which  the  machine  was  set  up 
having  been  lowered  to  +10°  F.  a  cycle  of  compression  read- 
ings was  taken  in  the  usual  way  adopted  when  Young's 
modulus  is  to  be  determined.  The  temperature  of  the  room 
was  then  mised  by  about  10°  and  another  cycle  of  readings 
was  taken.  It  was  then  raised  another  10°  and  a  third  series 
of  readings  was  obtained,  and  so  on  through  successive  stages 
of  10°  until  the  normal  temperature  of  the  room  (about  65°  F.) 
was  reached.  The  initial  reading  of  the  instniment  before 
the  application  of  pressure  was  of  course  different  in  each  case, 
owing  to  the  expansion  of  the  rock  which  followed  from  heat- 
ing. These  initial  points  were  plotted  on  a  line,  and  the 
results  obtained  when  this  specimen  was  subjected  to  a  certain 
maximum  load,  together  with  the  increase  of  temperature  at 
each  stage,  were  plotted  on  a  second  line.  If  the  compression 
was  greater  at  65°  than  at  10°  for  the  same  load,  these  two 
lines  should  have  diverged,  but  as  a  matter  of  fact  they  were 

*  In  two  very  interesting  papers,  received  while  the  present  paper  was  in 
press  (Modulus  of  Elasticity  of  Rocks  and  some  inferences  relating  to  Seis- 
mology, Jonmal  of  CoUege  of  Science,  Imperial  University  of  Japan,  vol.  xx, 
article  9, 1905 ;  and  Kinetic  Measurements  of  the  Modulus  of  Elasticity,  etc., 
ditto,  vol.  XX,  article  10, 1905),  Kusakabe  shows  that  the  presence  of  moisture 
in  a  rock  has  a  very  marked  influence  in  diminishing  its  modulus  of  elasticity. 
This  influence,  he  has  ascertained,  is  very  much  more  pronounced  in  the  case 
of  porous  rocks — such  as  sandstone — which  absorb  a  large  quantity  of  water, 
than  in  the  case  of  the  compact  crystalline  rocks.  He  suggests  that  the 
effect,  which  in  the  paper  above  mentioned  was  attributed  to  heat,  may 
really  be  due  to  the  presence  of  moisture.  He  is  now  engaged  in  investiga- 
ting the  influence  of  moisture  combined  with  a  high  temperature  upon  the 
modulus  of  elasticity  of  various  rocks. 
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practically  iwirallel.  Tlie  differences  between  the  readiugs 
giren  by  the  Bmne  load  at  different  temperatures  were  no 
greater  than  those  obtained  by  different  measurements  under 
the  same  load  at  the  same  temperature.  The  conclusion  there- 
fore seems  to  be  indicated  that  a  change  of  temperature  made 
no  pereeptible  difference  within  the  range  of  temperatures  em- 
ployed, altliough  a  difference  of  0'5  per  cent,  for  each  degree 
centigrade  would  mean  a  difference  of  about  25  per  cent  in 
range  of  temperature  em]>loyed  by  Mr,  McKergow. 

While  tlierefore  this  experiment  cannot  bo  considered  as 
supplying  accurate  information  concerning  tiie  effect  produced 
l)j'  a  rise  in  tempcnitHre  on  the  elastic  constants  of  rocks,  for 
tlto  instruments  themselves  arc  in  some   measure  affected  by 


the  same  changes  of  temperature,  vqE  they  serve  to  show  that 
in  tJie  case  of  the  maiiisive  crystalline  rocks,  the  influence  of 
teniperatui-e  is  probably  not   very  great. 

TIte  Method  of  Measurements. 
In  carrying  nut  tiic  measurements,  prisms  of  the  rock  1  inch 
smiarc  and  3  inches  long  "xqyc  usmilly  employed  (see  lig.  41. 
Tliese  wei-e  cut  and  ground  with  smooth  faces  but  were  not 
polished.  In  these  two  small  round  holes  were  drilled  in  the 
medial  line  of  each  vertical  face  for  the  purpose  of  attachiug 
the  instrument,  when  Young's  modulus  was  to  be  measured. 
TheKC  holes  were  made  by  means  of  a  small  diamond  drill  and 
were  perfectly  round  and  smooth.     They  were  each  0'05  to 
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O'OS  inch  in  diameter  and  0125  inch  deep  and  1*25  inches 
apart,  lying  at  equal  distances  above  and  below  the  center  of 
the  prisms.  These  holes  were  chamfered  at  the  outer  end  as 
shown  in  figure  4,  and  were  found  to  afford  the  most  perfect 
attachment  which  could  be  secured  for  the  points  of  the 
instrument. 

By  means  of  these  prisms  two  sets  of  measurements  of  the 
vertical  compression  could  be  made  with  each  prism,  by  attach- 
ing the  instrument  first  to  one  pair  of  opposite  faces  and  then 
to  the  other. 

In  some  cases  round  columns  were  used  (see  fig.  5).  These 
were  approximately  1  inch  in  diameter  and  3  inches  in  length. 
With  these  it  was  possible  to  make  four  set^  of  measurements 
iu  compression  with  each  column,  by  drilling  eight  pairs  of 
holes  as  above  described,  w-hose  plains  intersected  at  angles  of 
45°  instead  of  90°  as  in  the  square  prisms. 

It  was  of  course  necessary  m  every  case,  whether  prisms  or 
columns  were  employed,  to  exercise  great  care  to  have  the  end 
of  the  test  pieces  very  carefully  faced  and  absolutely  parallel 
to  one  another.  Before  the  actual  n)easurements  were  made, 
the  rock  in  everv  case  was  brought  to  a  ''state  of  ease"  in 
the  manner  already  described. 

The  pressure  was  applied  in  most  cases  by  a  100  ton  Wick- 
stead  testing  machine,  which  was  so  carefully  adjusted  that  it 
was  sensitive  to  a  load  of  4  pounds. 

The  specimen  having  been  placed  in  the  testing  machine  and 
brought  to  a  state  of  ease  w^as  then  after  careful  adjustment  sub- 
mitted to  loads  increasing  in  successive  stages  of  1,000  pounds 
until  the  limit  of  safety  had  been  reached,  when  the  load  was 
reduced  successively  by  the  same  amounts,  accurate  readings 
being  taken  at  each  increment  and  decrement  of  load.  The 
maximum  load  employed  in  the  case  of  most  rocks  was  9,000 
pounds,  equivalent  to  from  9,000  pounds  to  about  11,500 
pounds  per  square  inch  according  to  wnether  a  square  or  round 
prism  was  employed.  In  the  case,  however,  of  some  of  the 
stronger  rocks  a  load  of  as  much  as  15,000  pounds  per  square 
inch  was  employed. 

In  the  determination  of  the  lateral  strain,  which  was  made 
upon  the  same  columns  as  those  used  for  measuring  the  ver- 
tical compression,  care  was  taken  that  the  theoretical  conditions 
were  realized,  and  that  the  material  was  free  to  expand  later- 
ally, as  otherwise  the  values  obtained  for  the  lateral  extension 
would  be  inaccurate.  In  all  cases,  therefore,  the  measuring 
apparatus  was  set  as  nearly  as  possible  upon  the  central  section 
of  the  test  piece,  and  the  ends  of  the  specimen,  after  being 
ground  smooth,  were  coated  w^ith  a  thin  film  of  oil,  so  that  the 
polished  pressure  plates  of  the  machine  would  have  as  little 
tendency  as  possible  to  prevent  freedom  of  lateral  expansion. 
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It  was  found  that  these  precautions  bein^  observed,  the  expan- 
sion at  the  ends  of  the  column  was  practically  as  great  as  at 
the  center  where  the  measurement  was  taken;  the  difference 
being  so  small  that  no  serious  discrepancy  was  introduced. 

In  a  number  of  cases  accurate  measurements  were  taken 
during  the  successive  cycles  of  loading  and  unloading  to  which 
the  specimen  was  subjected  in  order  to  bring  it  to  a  state  of 
rest.  These  were  recorded  in  the  case  of  the  Baveno  granite 
and  the  Stanstead  granite  and  serve  to  show  how  the  hyster- 
esis of  the  roc^:  may  be  reduced  to  a  minimum  by  subjecting 
the  test-piece  to  this  treatment.  The  measurements  of  each 
cycle  usually  occupied  from  ten  to  fifteen  minutes. 

In  the  case  of  a  majority  of  the  rocks  investigated,  a  num- 
ber of  prisms  or  columns  cut  from  the  same  block  of  rock 
were  measured  in  order  to  ascertain  whether  different  test 
pieces  would  give  identical  readings.  It  was  found  as  a  result 
of  these  investigations  that  the  differences  between  the  differ- 
ent specimens  were  no  greater  than  those  which  were  obtained 
by  measuring  the  same  specimens  with  the  instrument  attached 
to  different  sides. 

In  the  case,  however,  of  the  Quincy  granite,  test  pieces  from 
two  different  blocks  of  the  rock  were  prepared,  and  it  was 
found  that  while  the  several  measurements  made  on  each  test 
piece  agreed  among  themselves,  there  was  a  distinct  divergence 
m  the  elastic  constants  of  the  two  specimens  of  the  rock. 
This  was  probably  due  to  a  difference  in  composition,  as  the 
two  rocks  differed  somewhat  in  appearance. 

In  the  case  of  the  green  gabbro  from  New  Glasgow,  the 
results  obtained  by  measurements  made  upon  different  parts  of 
the  same  prism  were  discordant  for  reasons  which  will  be 
pointed  out  and  which  were  dependent  upon  the  structure  of 
the  rock. 

Fifty-five  columns  of  rock,  nineteen  of  glass,  and  two  of 
iron  were  em])l()yed  in  this  investigation  and  every  precaution 
was  taken  to  insure  the  attainment  of  accurate  results.  The 
rocks  in  all  cases  were  air-dry,  having  been  allowed  to  remain 
in  the  laboratory  for  several  weeks  after  they  had  been  cut, 
before  the  measurements  were  made. 

In  the  accompanying  tables  the  following  elastic  constants 
are  given  : 

-£"=  Young's  Modulus,  i.  e.,  the  quotient  of  the  longitudinal  stress 

by  the  longitudinal  compression. 
o'=Poisson's  Ratio.     This  is  the  reciprocal  of  m. 

2>= Modulus  of  Cubic  Compression  =  -[ \E,  The  reciprocal 

of  this  gives  the  decrease  in  volume  of  a  cubic  inch  of  the 
material  for  a  pressure  of  1  pound  per  square  inch  applied 
on  every  side. 
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C=:Modulu8  of  Shear=   -| j  E^  which  is  the  quotient  of 

torsional  stress  to  torsional  strain. 
m=The  ratio  of  longitudinal  compression  to  lateral  extension 
per  unit  of  length. 

E  and  ra  are  measured  directly  ;  the  other  values  are  calcu- 
lated from  them. 

These  values  in  the  case  of  each  rock  are  given  in  inch  and 
pound  units,  and  the  results  are  summarized  in  a  general  table 
on  page  121.  The  measurements  were  made  in  these  units  on 
account  of  the  fact  that  the  testing  machine  employed  \vas 
graduated  to  read  pounds. 

For  purposes  of  comparison,  however,  this  latter  table  has 
been  recalculated  in  C.G.S.  units,  and  the  results  are  set  forth 
in  the  second  table,  to  be  found  on  page  121. 

Ill  the  case  of  metal,  Poisson's  ratio  is  generally  arrived  at 
by  stretching  the  bar  and  determining  the  value  of  the  longi- 
tudinal extension  divided  by  the  lateral  contraction.  In  case 
of  rocks  the  tensile  strength  being  low  and  the  materials  being 
brittle,  it  is  more  convenient  and  more  accurate  to  make  the 
determination  by  compressing  a  short  bar  or  column,  and 
determining  the  value  of  the  longitudinal  compression  divided 
l>y  the  lateral  expansion.  This  gives  the  value  designated  as 
m,  of  which  Poisson's  ratio  is  tlie  reciprocal.  Theoretically 
one  method  is  as  accurate  as  the  other. 

In  each  table  the  first  transverse  line  designates  the  spec- 
imen employed  as  a^  i,  (?,  or  d. 

The  second  line  gives  the  diameter  of  the  specimen,  which 
is  often  slightly  different  in  the  two  directions.  The  length  of 
the  column  in  all  cases  was  about  three  inches,  but  this  is  not 
stated  in  the  table,  as  the  compression  is  not  measured  on  the 
total  length  of  the  column,  but  on  the  length  of  that  portion  of  it 
which  Hes  between  the  points  of  attachment  of  the  instrument. 

The  third  line  gives  the  area,  which  is  approximately  one 
square  inch  in  the  case  of  a  square  prism  and  three-quarters  of 
a  square  inch  in  the  case  of  a  round  column. 

The  fourth  transverse  line  contains  the  letters  TJ  or  P^ 
which  designate  the  two  diameters  of  the  column  when  two 
measurements  were  made  on  the  same  square  prism  ;  these  two 
directions  being  always  at  right  angles  to  one  another.  In  the 
ease  of  round  columns  on  which  measurements  were  frequently 
made  in  several  planes,  these  are  designated  as  ''  first  holes," 
'*  second  holes,"  etc. 

In  the  four  succeeding  lines  the  four  elastic  constants  E^  cr, 
D  and  C  are  given  as  determined  by  each  measurement. 
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The  sixteen  rocks  whose  elastic  constants  were  determined 
are  enumerated  in  the  following  list : 

Marbles  and  Limestones. 

1.  Black  Belgian  marble ;  an  extremely  fine-grained  and  mass- 
ive black  marble,  largely  used  for  ornamental  purposes  and  known 
in  trade  as  "  Belgian  Black  ". 

2.  White  marble,  Carrara,  Italy  ;  a  typical  tine-grained  sac- 
charoidal  marble. 

3.  White  marble,  Vermont,  U.  S.  A.;  identical  in  appearance 
with  the  last. 

4.  Pink  marble,  Tennessee,  U.  S.  A.;  a  highly  metamorphosed 
•  coralline  limestone   whicli   has  been  converted   into  a  marble  ; 

largely  used  for  purposes  of  construction  and  known  as  "  Pink 
Tennessee." 

5.  Trenton  limestone,  Montreal,  Canada;  a  highly  fossilifer- 
ous  variety,  free  from  any  signs  of  stratification,  taken  from  a 
heavy  bed  in  the  Mile  End  quarries  at  this  place  ;  used  exten- 
sively as  a  building  stone. 

Granites. 

6.  Granite,  Baveno,  Italy  ;  a  typical  biotite  granite  of  medium 
grain. 

7.  Granite,  Peterhead,  Scotland  ;  a  typical,  rather  coarse- 
grained, biotite  granite. 

8.  Granite,  Lily  Lake,  New  Brunswick,  Canada;  closely  resem- 
bles No.  7. 

9.  Granite,  Westerly,  Rhode  Island,  U.  S.  A.;  a  typical,  very 
fine-grained  reddish  biotite  granite.. 

10.  Granite,  Quincy,  Massachusetts,  \J,  S.  A.;  a  rather  coarse- 
grained hornblende  pyroxene  granite. 

11.  Granite,  Stanstead,  Quebec,  Canada;  a  rather  fine-grained 
muscovite  biotite  granite  ;  the  mica  is  relatively  more  abundant 
than  in  either  the  Peterhead  or  the  Westerly  granites. 

Nepheline  Syenite. 

12.  Nepheline  syenite,  Montreal,  Canada;  a  typical  fine-grained 
massive  hornblende  nepheline  syenite. 

Basic  Plutonic  Rocks. 

13;  Anorthosite,  New  Glasgow,  Quebec,  Canada  ;  a  rock  com- 
posed of  plagioclase  with  a  subordinate  amount  of  pale  green 
augite  and  green  hornblende;  it  is  fine  in  grain  and  very  toagh, 
being  used  for  paving  sets  in  the  city  of  Montreal. 

14.  Essexite,  Mount  Johnson,  Quebec,  Canada;  a  typical  essex- 
ite,  massive  and  uniform  in  character,  composed  of  plagioclase, 
nepheline,  augite,  hornblende  and  biotite  ;  used  extensively  as  a 
building  stone  and  for  monuments. 

15.  Gabbro,  New  Glasgow,  Quebec,  Canada;  this  rock  is  deep 
green  in  color  and  occurs  in  the  form  of  a  large  dike  cutting 
the  anorthosite  (No.  13)  ;  composed  of  augite,  hornblende  and 
plagioclase,  the  two  former  minerals  preponderating  largely.     It 
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shows  a  distinct  parallelism  in  the  arrangement  of  the  constitu- 
ents, to  which  may  be  attributed  a  considerable  divergence  in  the 
results  obtained  in  the  diifferent  measurements  of  the  elastic  con- 
stants. 

16.  Olivine  diabase,  near  Sudbury,  Ontario,  Canada  ;  a  typical 
fine-grained,  perfectly  massive  olivine  diabase,  occurring  as  a 
large  dike  cutting  rocks  of  Huronian  age. 

Sandstones, 

17.  Sandstone,  Cleveland,  Ohio,  U.  S.  A.,  a  fine,  even-grained 
yellowish  sandstone,  extensively  used  for  building  purposes.  The 
bedding  is  marked  by  a  slight  variation  in  the  color  of  the  dif- 
ferent beds.  The  prism  used  in  the  measurement  of  the  elastic 
constants  was  cut  from  a  single  bed  and  was  taken  parallel  to  the 
plane  of  bedding. 

A  summary  of  the  results  obtained  in  the  measurement  of 
the  elastic  constants  of  these  rocks  is  given  on  p.  121.  The 
extended  results  are  here  presented  in  the  case  of  three  rocks 
only,  which  may  serve  as  representatives  of  the  others. 

Carrara  Marble : 

Three  specimens  of  the  rock  were  used  in  measuring  the 
elastic  constants,  two  squares  prisms  {a  and  h)  and  a  round 
column  {c).  Two  sets  of  measurements  were  made  on  both  h 
and  <?,  the  instrument  as  usual  being  affixed  to  the  specimens 
in  two  positions  at  right  angles  to  one  another  in  each  case. 
In  this  way  five  sets  of  measurements  were  made.  The  results 
are  set  forth  in  the  following  table : 


Carrara  Marble 

o. 

a 

b 

b 

ze 

1  •032X1-035 

1-017X1-016 

.  _ .  - 

rea 

1-07 

1  033 

1-033 

r 

8,120,000 

7,800,000 

8,055,000 

•281 

•274 

•273 

» 

6,170,000 

5,760,000 

5,920,000 

1 

3,170,000 

3,060,000 

3,160,000 

c  c 

•985  -985 

•762  ^762 

8,210,000  8,045,000 

•275  -269 

6,100,000  5,790,000 

3,210,000  3,170,000 

The  averages  of  the  results  obtained  for  the  respective  con- 
stants are  as  follows : — 

^=8,046,000;     (r=0-2744;     2>=5,946,o6o;      (7=3,154,000. 

The  difference  between  the  highest  and  lowest  determina- 
tions of  i>  is  420,000  pounds. 

Figure  6  shows  the  stress  strain  curves  plotted  from  the 
results  obtained  from  specimen  a,  the  ordinates  representing 
the  load  (stress)  and  the  abscissae  the  amount  of  the  strain.     I 
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represents  in  all  cases  the  longitudinal  compression  and  II  the 
lateral  extension.  The  hysteresis  is  greater  than  in  the  case 
of  the  black  Belgian  marble  (fig.  7),  but  about  the  same  in 
amount  as  shown  by  the  Vermont  marble  and  the  Trenton 
limestone  from  Montreal. 
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Fig.  6.     Carrara  Marble,  stress  strain  curves. 
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Fig.  7.     Black  Belgian  marble,  stress  strain  curves. 


Granite^  Westerli/,  Rhode  Island,  U,  8,  A. 

Four  test  pieces  were  used  in  measuring  the  elastic  constants, 
viz  :  two  square  prisms,  a  and  i,  and  two  round  columns,  c 
and  d.  Two  sets  of  determinations  were  made  on  each  of  the 
fii*st  three  specimens,  the  instruments  being  attached  to  dif- 
ferent pairs  of  sides  in  each  case,  and  four  sets  of  determina- 
tions were  made  on  specimen  d  in  planes  making  angles  at  45** 
with  one  another.  The  results  are  given  in  the  following 
table. 
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The  averages  of  the  values  obtained 
are  as  follows: 

E=  7,394,500  ;  cr  =  '2195  ; 

2>  =  4,897,500  ;  C  =  3,0 1 9,700 

The  difference  between  the  highest 
and  lowest  values  in  the  four  determina- 
tions of  J)  on  specimen  d  was  only 
280,000. 

Of  the  other  columns  a  gave  on  an 
average  somewhat  lower  and  i  some- 
what higher  results. 

The  stress  strain  curves  obtained  from 
specimen  a  are  shown  in  figure  8.  The 
hysteresis  is  greater  than  that  shown  in 
the  case  of  any  of  the  other  granites 
except  that  from  Stanstead. 

In  figure  9  the  stress  strain  curves  for 
the  Peterhead  granite,  and  in  figure  10 
those  for  the  nepheline  syenite  are 
shown  for  purposes  of  comparison. 

Olivine  Diabase^  near  Sudbury y  Ontario, 

Canada. 

Four  test  pieces  were  used  in  deter- 
mining the  elastic  constants  of  the  rock, 
viz  :  three  round  columns  and  one  nearly 
square  prism.  They  are  designated  as 
tr,  S,  c  and  d.  The  three  round  columns 
wx*re  cut  out  of  a  block  of  the  diabase 
by  means  of  an  annular  diamond  drill. 
Two  measurements  were  made  on  each 
of  these  in  planes  at  right  angles  to  one 
another,  in  each  case,  while  four  meas- 
urements were  made  on  the  prism  d 
using  two  pairs  of  faces.  In  this  way 
ten  complete  sets  of  measurements  were 
made  for  the  elastic  constants  of  this 
diabase. 

The  values  obtained  are  given  in  the 
tables  on  p.  117. 

As  will  be  seen,  the  values  obtained 
for  D  in  this  rock  are  considerably  higher 
than  those  yielded  by  any  other  rock  of 
the  series  examined.  In  the  six  inde- 
pendent measurements  carried  out  on 
the  first  three  specimens,  the  difference 
between  the  highest  and  lowest  values 
for  D  amounted  to  830,000  pounds, 
while  on  the  four  measurements  made 
on  specimen  d  there  is  a  rather  greater 
difference  amounting  to  845,000  pounds. 
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Fig.  8.     Westerly  granite,  stress  strain  curves. 
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The  averages  of  the  determinations 
made  on  each  of  the  columns  are  as  fol- 
lows : 

E                 D  a  c 

a  =  13,515,000  10,400,000  0*2838  5,270,000 

b  =  14,170,4)00  10,945,000  '2840  5,525,000 

c  =  14,170,000  11,085,000  '2870  5,505,000 

</  =  13,197,750  10,076,000  '2812  5,155,000 

Av.   13,763,187   10,626,500     '2840  5,363,750 

The  stress  strain  curves  given  by  this 
rock  are  shown  in  figure  11.  As  will  be 
seen  from  these  curves,  in  its  approach  to 
perfect  elasticity  tlie  rock  is  comparable  to 
plate  glass. 

7^/ie  Elastic  Constants  of  Glass. 

As  in  geophysical  speculations,  the  earth 
in  respect  to  its  rigidity  and  compressi- 
bility is  often  compared  to  a  globe  of  glass, 
it  seemed  advisable  to  determine  as  accu- 
rately as  possible  the  elastic  constants  of- 
glass,  for  the  purpose  of  comparing  them 
with  the  results  obtained  in  the  case  of  the 
various  rocks  considered  in  this  paper, 
employing  the  same  methods  and  carrying 
out  the  work  under  exactly  the  same  con- 
ditions. This  material  lends  itself  excel- 
lently to  this  method  of  measuring  these 
constants,  provided  the  glass  is  free  from 
all  irregularities  in  its  substance  and  is 
isotropic  in  character.  The  first  difficulty 
experienced  was  that  of  obtaining  such  a 
glass.  At  the  outset  it  was  thought  that 
thick  glass  rods  such  as  are  used  for  vari-  i^ 
ous  purposes  in  the  chemical  and  physical 
laboratory  might  be  employed,  but  al- 
though several  lots  of  the  purest  variety 
of  this  material  were  procured,  the  glass 
constituting  it  was  found  in  all  cases  to 
contain  minute  air  bubbles,  and  when 
examined  between  crossed  nicols  in  polar- 
ized light,  showed  brilliant  colors — red, 
yellow  and  blue.  This  indicated  a  state  of 
marked  tension  in  the  glass,  evidently  due 
to  the  rod  having  been  drawn  when  the 
glass  was  in  a  viscous  state,  which  was  also 
shown  by  the  circular  arrangement  of  the 
little  bubbles  in  the  rod,  following  the 
direction  of  its  surface.  Short  lengths  of 
this  rod  moreover  when  tested  in  compres- 
sion, so  soon  as  the  maximum  load  had 
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been  exceeded,  instead  of  split- 
ting from  top  to  bottom,  broke 
as  if  composed  of  a  series  of 
rudely  concentric  shells. 

After  a  prolonged-  search  for 
isotropic  glass  in  masses  of  suf- 
ficient size  to  measure  the  elastic 
constants,  it  was  found  that  plate 
glass  answered  the  requirements. 
A  piece  of  one  inch  plate  glass, 
made  in  Great  Britain,  was 
accordingly  secured  and  was  cut 
into  strips  an  inch  wide,  and 
these  again  into  three  inch 
lengths.  The  square  prisms  thus 
produced  were  then  properly 
faced  and  polished.  The  glass 
was  found  to  be  absolutely  free 
from  all  flaws  and  impurities,  and 
when  examined  between  crossed 
nicols,  the  prisms  although  an 
inch  thick,  snowed  in  one  direc- 
tion at  right  angles  to  vertical 
axis  absolute  blackness  through- 
out a  complete  revolution,  while 
in  the  other  direction  at  right 
angles  to  this  there  was  durfng 
a  revolution  an  alternation  of 
blackness  with  a  pale  grayish 
illumination.  This  change  was 
so  slight  that  Considering  the 
thickness  of  the  glass  and  the 
sensitiveness  of  the  test,  the  ma- 
terial may  be  considered  to  be 
practically  free  from  internal 
tension,  and  to  be  isotropic  in 
character. 

In  order  to  get  a  good  average 
and  to  eliniinate  chance  errors  so 
far  as  j^ossible,  seven  of  these 
prisms  were  taken,  and  two  com- 
plete sets  of  determinations  were 
made  on  each  of  them,  using  in 
every  case  different  pairs  of  faces. 
Fourteen  determinations  were 
thus  made  of  each  of  the  elastic 
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constants.     The  figures  obtained  are  set  forth  in  tlie  table  on 
p.  118. 

In  this  table  a  complete  series  of  values  obtained  from  each 
specimen  are  given  in  double  rows.  When  the  average  of  all 
tnese  results  is  taken,  the  values  obtained  for  the  several  con- 
stants of  plate  glass  are  as  follows  : 

E  =  10,500,000  ;     XT  =  0-2273 ;     D  =  6,448,000  ;      C  =  4,290,000 

The  stress-strain  curves  given  by  one  of  the  prisms  is  shown 
in  figure  12.  In  this  figure  I  represents  longitudinal  compres- 
sion and  II  lateral  extension. 

Determinations  of  the  cubic  compressibility  of  glass,  D, 
have   been   made   by  other   observers  using  various  methods. 
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The  results  go  to  show  that  different  varieties  of  glass  vary 
considerably  in  their  compressibility.  These  determinations 
may  be  tabulated  as  follows  :* 

Everett 5,074,t$00  to  6,379,400  (C.G.S.  =  3-5  to  4-4  X 10") 

Amagat-coramon 

glass 6,745,000  (-000002181  per  atmosphere) 

Amagat-crystal 

glass 6,112,300  (-000002405    *'  "  ) 

Tait 5,657,700  (-0000026        "  "  ) 

As  will  be  seen,  the  figures  ol)tained  for  plate  glass  in  the 
present  investigation  lie  a  little  above  the  average  of  the  vari- 
ous values  here  given,  and  are  nearly  those  of  the  highest 
value  obtained  by  Everett. 

*  See  Everett,  Illustrations  of  the  C.G.S.  System  of  Units  with  tables  of 
Physical  Constants.  MacmiUan  &  Co.,  1902,  pp.  60  to  64.  The  figures 
there  expressed  in  varions  units  have  been  here  recalculated  into  inch-pound 
values. 
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Summary  of  Results. 

In  the  table  on  the  follow  in-page  a  summary  is  shown  of  the 
average  values  obtained  for  jE,  cr,  C  and  D  in  the  case  of  all 
the  rocks  examined  in  this  investigation.  Together  with  these 
are  placed  for  purposes  of  comparison  the  results  obtained  for 
these  constants  in  the  case  of  wrought  iron,  cast  iron  and  glass. 
In  the  second  table  these  values  are  again  presented,  recal- 
culated into  C.G.S.  units. 

The  rocks  fall  naturally  into  three  groups  differing  from  one 
another  in  compressibility,  but  the  several  members  of  each 
group  agreeing  fairl}'  closely  among  themselves. 
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Fig.  12.     Plate  glass,  stress-straiii  curves. 

These  three  groups  show  a  corresponding  difference  in  com- 
position. 

The  first  group  consists  of  the  marbles  and  limestones. 
Tlicse  have  an  average  value  for  D  of  6,345,000.  One  of 
these,  however,  the  Black  Belgian  marble,  which  is  very  much 
liner  in  grain  than  the  others,  and  breaks  almost  like  a  piece  of 
glass,  has  a  very  much  liigher  value  for  D  than  that  possessed 
by  tlie  other  rocks,  which  among  themselves  are  nearly  identi- 
cal. If  we  omit  this  Belgian  marble,  the  average  of  1)  for  the 
other  limestones  and  marbles  is  5,855,000. 

The  second  group  comprises  the  granites.  These  again  show 
a  close  agreement  of  values  among  themselves,  except  in  the 
case  of  the  Stanstead  granite,  which  rock  as  already  mentioned 
shows  a  defective  elasticity.  The  average  value  of  D  for  the 
granites  is  4,399,000. 

The  third  group  embraces  the  basic  intnisives  (gabbro, 
anorthosite,  essexite  and  diabase).  These  show  greater  dif- 
ferences, but  have  an  average  value  for  J)  of  8,825,000.  The 
ne])heline  syenite,  althougli  higher  in  silica  and  therefore 
properly  speaking  an  acid  rock,  in  its  freedom  from  quartz 
and  its  richness  in  feldspar  (although  the  feldspar  is  largely 
orthoclase  instead  of  plagioclase),  in  mineralogical  composition 
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belongs  witii  theee  basic  rockg  rather  than  with  the  granites. 
It  also  approaches  the  essexite  most  nearly  in  its  coinpressi- 
bilitj. 

Elastic  Constants  op  Bocks. 
Sammarj  of  ReaDltB  (average)  expressed  in  iDch-Ponnd  Units. 
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C 

■"li-Zd 

OS'S,.'""..::::;:;;: 

15,000.000 

0-2500 

6.000.000 

10,000.000 

Black  Beltdan  marble 

11.070.000 

4,330,000 

8,803,000 

Cnrraiu  murble    

8.O46.OO0 

7,592,000 
»,006,000 

0-3513 

3.000,000 
3,607,000 

.5.967.000 

9,205,000 

3,689,000 

8,167,.5O0 

0-3528 

3,724,800 

4,604,000 

Feterbead  granite 

Lilv  Lake  gTanite 

3,380.000 

Weatorly  granite 

3,019,700 

4,397,500 

Slanslead  granite 

.I.BS.I.OOO  1  0-3583 

9,137,500  !  0-2560 

3.63.5,000 

6,237,500 

11.960,000  1  0-2620 

4.750.000 

8,3IS8,000 

9,746,000  '  0-2583 

8.«7a,8«0 

6,750,000 

NewGlasRowgabbro'-.. 

15,650,000     0-2192 

13.76!!,000  '  0-2840 

.1,364,000 

2.290,000     0-2900 

et88,000 

1,816,000 

Plate  glass 

10,500,000 

0-2373 

4,290.000 

6,448,000 

Sommaiy  of  ReenltB  (average)  expreeeed  in  C.G.S.  Unib 
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03630 
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3-71   X 
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3-300  X 

111" 

5  63  X 

10" 

01082 

3'880  X 

10" 

8-103  X 

10" 

3-09  X 

10' 

0-S195 

3-080  X 

111" 

3029  X 

111" 

2-730  X 

111" 

3-68  X 

10' 

0-1977 

3  873  X 

10" 

8-140  X 

111" 

3  93  X 

10" 

0  2585 

1,556  X 
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2-718  X 
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8-29  X 
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0-2560 

3-505  X 
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4-390  X 

111" 
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0-2630 

3  375  X 
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S-760  X 
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0-2583 
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Wrought  iron 

Cast  iron 

Blark  Belgian  marble  — 

Carrara  murlile    

Vermont  marble  ■ 

TpDnesBee  marble 

Hunlreal  liineBtone . . 

Baveno  granite       

PelerheMd  granite 

Lily  L^ke  granite 

Werterly  granite 

Qnincj  granite  (1) ... 

Qoincy  grunitoOl 

Stanstead  granite 

N'epheline  Hjenlte 

New  Olosgow  annrthciBit« 
Honnt  Johnson  essexite- . . 
New  Glasgow  gabbro  "  .. 

Siidbnrr  JiobMe 

Ohio  aaodBlODe 

Plate  glass 

If  the  nepbeline  syenite  l)e  inchi^l.-ii  with    lie  basic  rocks,  an 
averse  value  of  Z>  i-:  obtained  of  SvJUS.ni.iii. 

This  omits  from  consideratioti  the  sandnCone,  it  being  a  rock 
'See  page  113. 
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of  an  entirely  different  class  from  the  others,  and  furthermore 
one  which  shows  so  much  hysteresis  that  the  application  of 
this  method  to  it  is  less  satisfactory  than  in  the  case  of  the 
other  rocks  of  the  series. 

These  results  may  be  presented  as  follows : 

Average  of  D 

Marbles  and  limestones 6,345,000       ' 

Granites 4,399,000 

Basic  iutrusives 8,308,000 

The  cause  of  the  much  greater  compressibility  of  granite  as 
compared  with  the  marbles  and  basic  iutrusives  is  not  clear, 
but  would  seem  to  be  connected  with  the  presence  of  quartz. 
The  only  determination  of  the  cjibic  compressibility  of  quartz, 
so  far  as  can  be  ascertained,  is  one  b\'  Voigt,*  the  value 
obtained  being  5,504,190  pounds  (38Y  X  10*  grams  per.  sq. 
cent.).  This  compressibility,  as  will  be  seen,  is  much  greater 
than  that  fourrd  in  the  case  of  either  the  limestones  or  the 
basic  intrusives,  and  while  not  in  itself  sufficiently  great  to 
account  for  the  high  compressibility  of  the  granites,  goes  to 
show  that  in  the  quartz  we  have  a  mineral  which  is  more  com- 
pressible than  the  ordinary  rock.-making  minerals  which  form 
the  chief  constituent  in  the  rocks  of  the  series  examined. 

The  marbles  and  the  limestones  of  the  earth's  crust  are  con- 
fined to  its  most  superficial  portion,  resulting  as  they  do  from 
the  process  of  sedimentation.  There  is  every  reason  to  believe, 
however,  that  what  we  may  term  the  sub-structure  of  the 
earth's  crust  is  composed  of  acid  and  basic  plutonic  igneous 
rocks.  These  make  up  the  lowest  part  of  the  crust  to  which 
we  hav^e  access,  and  are  found  coming  up  from  the  still  greater 
de'pths. 

The  cubic  compressibility,  7>,  of  the  earth's  crust  must  lie 
between  the  values  given  above  for  the  granites  and  the  basic 
intrusives,  approaching  one  or  other  of  these  values  according 
to  the  relative  proportion  in  it  of  one  or  other  of  these  classes 
of  rocks. 

If  we  take  the  average  of  the  values  obtained  from  these 
two  classes  of  rocks  as  represented  by  the  seven  granites  and 
the  five  basic  intrusives  (mcluding  the  nepheline  syenite),  the 
value  obtained  for  D  is  6,353,500. 

This,  as  will  be  seen,  differs  but  little  from  the  Value  of  D 
obtained  for  plate  glass,  which  is  6,448,000. 

If,  therefore,  the  earth's  crust  be  composed  of  granite  and 
basic  igneous  rocks  in  approximately  equal  proportions,  its 
compressibility  will  be  that  of  glass.  If  it  be  composed  almost 
exclusively  of  granite,  the  earth's  crust  will  be  more  compres- 
sible than  glass;  and  if  the  basic  rocks  preponderate  very 
largely,  it  will  be  less  compressible  than  this  substance. 

♦Quoted  in    Becker,   Experiments  on  Schistosity  and  Slaty  Cleavage, 
BnUetin  241,  U.  S.  Geol.  Survey,  p.  32. 
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It  is,  however,  in  any  case  mnch  more  compressible  than 
steel,  which  has  a  vahie  for  D  of  from  26,098,000  to  27,547,000 

(18  to  19X10",  C.G.S.)^^ 

The  compression  to  which  the  rocks  were  subjected  in  this 
investigation  ranged  from  6,000  to  17,340  pounds  to  the  square 
incli.  Most  of  the  rocks,  however,  were  subjected  to  a  load 
of  from  9,000  to  15,000  pounds  per  square  mch,  audi  their 
bulk  compression  was  determined  for  these  loads  as  maxima. 
Higher  pressures  could  not  be  employed  without  incurring  the 
risk  of  breaking  the  specimen,  and  at  the  same  time  of  de- 
stroying the  measuring  apparatus.  One  apparatus  was  in  fact 
so  destroyed. 

The  question  arises  as  to  whether  under  still  higher  pressures, 
if  rupture  could  be  avoided,  the  ratio  of  load  to  compression 
would  be  maintained.  Judging  from  the  deportment  of  much 
stronger  substances,  such  as  steel,  when  similarly  tested,  it  is 
inferred  tliat  this  ratio  of  bulk  compression  will  remain  con- 
stant for  very  much  higher  pressures,  or  imtil  deformation 
sets  in  and  the  rock  begins  to  flow. 

With  regard  to  the  accuracy  of  the  results  obtained  by  this 
method  as  compared  with  those  obtainable  by  any  method  in 
which  cubic  compression  is  actually  produced  and  measured, 
it  may  be  observed  that  by  far  the  bent  method  of  this  kind 
hitherto  suggested  seems  to  be  that  proposed  by  Richards  and 
StuU.t  We  have  endeavored  to  make  use  of  this  method  in 
order  to  obtain  results  for  purposes  of  comparison  with  those 
given  in  the  present  paper,  but  have  not  hitnerto  succeeded  in 
overcoming  certain  experimental  difficulties.  The  experi- 
mental errors  in  this  method,  tliough  apparently  small,  still 
exist,  and  in  applying  it  to  rocks,  which  are  much  less  com- 
pressible than  the  substances  examined  by  Richards  and  Stull, 
these  errors  become  proportionately  more  serious.  Moreover, 
higher  pressures  than  those  used  in  the  method  employed  in 
the  present  paper  could  scarcely  be  employed  in  this  direct 
method,  while  difficulties  dependent  on  the  possible  lack  of 
absolute  continuity  in  the  substance  of  the  rock  and  the  danger 
of  minute  air-iilled  spaces,  would  prol^^bly  present  themselves 
in  the  case  of  most  rocks.  It  seems  that  all  things  being  con- 
sidered, the  indirect  method  here  employed  is  probably  as 
accurate  as  any  direct  method  which  can  be  used.  The  attempt 
to  apply  Richards  and  Stull's  method  to  the  same  rocks  is  still 
being  continued,  however,  and  it  is  hoped  that  satisfactory 
results  may  be  eventually  obtained  by  its  use. 

McGiU  University,  Montreal. 

*  UlnstrationB  of  the  C.G.S.  System  of  Units  with  tables  of  Physical 
Constants.     Macmiilan  &  Co.,  1902,  p.  60. 

f  New  method  of  Determining  CompressibiUty.  Published  by  the  Carnegie 
Institution,  Washington,  D.  C,  Dec,  1908  (No.  7). 
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Art.  XII. — The  Dakotan  Series  of  Northern  New  Mexico  ; 

bv  Charles  R.  Keyes. 

Strata  that  have  been  referred  to  tlie  Dakota  division  of 
the  Cretaceous  age  have  been  long  known  in  the  Southwest, 
aroun#  the  southern  end  of  the  Rockv  Mountains  in  northern 
New  Mexico.  Tlie  section  tliere  exposed  has  been  generally 
regarded  as  exactly  representing  the  ''Dakota  Group"  as  first 
defined  by  Meek  aiid  Ilayden*  for  the  upper  Missouri  region. 
Late  observations  in  the  New  Mexican  region  indicate  clearly 
that  the  formation  called  the  Dakota  sandstone  has  never  been 
carefully  delimited,  that  it  has-  been  given  quite  different 
limits  by  different  authors,  and  that  the  section  usually  so  called 
actually  belongs  to  several  geological  ages. 

As  recentlv  made  out,  the  general  Mesozoic  section  of  north- 
eastern  New  Mexico  presents  the  following  elements : 

General  Mesozoic  Section  of  Northeastern  New  Mexico, 

Age.  Series.                                     Thickness. 

,^   f  Late 7.  Laramian  sandstones   .   2500 

•g   t                              C.  Montanan  shales 1600 

2^   Mid 5.  Coloradan  shales ._.  1000 

^  \                         .4.  Dakotan  sandstones • 500 

[  Early 3.  Comanchan  shales 100 

Jurassic 2.  Morrisonian  sandstones 250 

Triassic 1.  Red  Beds  (upper  part) 1000 

As  usually  considered  in  the  literature  of  the  subject,  the 
Dakota  sandstone  has  been  made  to  cover  of  the  above  section 
not  only  No.  4,  but  No.  2  and  No.  3,  and  not  infrequently  part  of 
No.  1.  The  reasons  for  these  long  standing  errors  of  interpre- 
tation recalls  one  of  the  unpleasant  chapters  in  the  history  of 
American  geology.  It  goes  back  to  the  very  beginning,  to 
the  early  sixties,  when  there  was  a  concerted  attempt  to  tlior- 
oughly  discredit  the  work  of  Jules  Marcou  in  this  country. 
The  proofs  of  the  conclusions  which  the  Swiss  geologist  sub- 
mitted may  have  been'  insufficient  at  the  time,  or  they  may 
have  been  happy  guesses,  but  the  fact  yet  remains  that  the 
latest  work  in  the  region  has,  in  the  main,  substantiated  his 
observations  and  there  are  too  manv  of  his  statements  that  are 

a.' 

correct  to  assert  at  this  day  that  they  were  anything  less  than 
a  display  of  geological  acumen  such  as  none  of  his  critics  pos- 
sessed. Newberry,  Hayden,  Meek  and  others  appear  to  have 
become  so  absorbed  in  their  side  of  the  controversy  that  they 
all  but  lost  sight  of  the  facts,  and  they  not  infrequently   went 

♦Proc.  Acad.  Nat.  Sci.,  PhUa.,  vol.  xiii,  pp.  410-420,  1862. 


Keyes — Dakotan  Series  of  NoHliern  New  Mexico,     125 

so  far  as  to  discuss  in  tlie  most  positive  manner  sections  which 
thev  had  never  been  near.  Instead  of  clearing  up  the  points 
under  discussion,  this  long  drawn  out  controversy  only  served 
to  make  the  entire  question  more  obscure. 

When  I  was  first  suddenly  made  acquainted  with  the 
Cretaceous  formations  of  the  region,  it  was  in  the  field, 
before  it  was  possible  to  consult  carefully  very  much  of 
the  literature  on  the  subject.  In  mapping  and  in  local  de- 
scriptions in  the  northern  New  Mexican  province  I  assumed 
the  Dakota  sandstone  to  be  the  great  massive  plate  of  yellow 
sandstone  about  500  feet  in  maximum  thickness.  Above  it 
were  the  Colorado  shales  and  beneath  in  many  places  a  pecu- 
liar succession  of  sandy  shales,  shaly  sandstones  and  clay 
shales.  Several  papers  were  even  published  on  New  Mexican 
geology  in  which  this  idea  of  the  Dakota  formation  of  the 
region  was  expressed.     The  chief  reasons  for  considering  this 

freat  plate  as  a  formation  by  itself  and  as  representing  the 
)akota  sandstone  were  (1)  that  it  immediately  underlay  the 
Colorado  shales,  which  were  well  identified  by  numerous  fossils, 
and  (2)  that  the  sandstone  rested  in  marked  unconformitv 
upon  the  formations  beneath.  When,  later,  the  literature  was 
gone  over  carefully  in  order  to  compare  the  published  observa- 
vations  of  others  with  my  own,  it  was  with  much  surprise  that 
I  found  that  prevailing  opinions  included  in  the  Dalcota  sec- 
tion a  much  greater  sequence  than  I  had  done.  This  led 
immediately  to  a  detailed  examination  of  many  of  the  more 
critical  of  the  described  sections ;  and  the  location  of  the  real 
diflSculties  of  former  interpretations. 

The  use  of  the  term  Dakotan  series  for  the  sequence  of 
massive  yellow  sandstones  which  form  the  bottom  of  the  Cre- 
taceous section  over  the  greater  part  of  New  Mexico  is  based 
upon  the  accepted  terminology  of  the  general  Mesozoic  section 
01  the  Rocky  Mountain  regiion.  As  a  definite  geologic  title 
the  name  Dakota  was  first  applied  by  Meek  and  Hayden,*  in 
1862,  to  the  basal  member  of  the  Cretaceous  of  the  Upper 
Missouri  River  district.  Although  included  in  their  "Earlier 
Cretaceous"  division,  this  is  not  the  Early  Cretaceous  division 
as  at  present  understood,  but  is  the  base  of  what  has  long  been 
known  as  the  "  Upper  Cretaceous."  In  the  general  geological 
section  the  formation  belongs  properly  to  the  Mid  Cretaceous 
period. 

As  the  entire  succession  of  the  Mid  Cretaceous  and  Late 
Cretaceous  formations  is  upturned  along  the  eastern  flank  of 
the  Rocky  Mountains,  the  Dakotan  division  is  readily  traced 
from  the  original  locality  southward  into  central  New  Mexico, 
and  the  title  given  to  the  series  in  the  north  appears  to  be 

♦Proc.  Acad.  Nat.  Sci.,  Phila.,  vol.  xiii,  pp.  510-520,  1862. 
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fully  applicable  to  certain  sandstones  widely  distributed  in  the 
south. 

Many  different  titles  have  been  given  to  the  sandstones 
belonging  to  tlie  Dakotan  series ;  and  tlie  term  itself  has  been 
used  in  many  different  senses  by  the  various  writers  who  have 
passed  through  the  New  Mexican  field.  Among  the  first  to 
call  attention  to  the  formation  in  question  was  Jules  Marcou,* 
who,  as  early  as  the  year  1853,  traversed  this  region  in  connec- 
tion with  an  expedition  sent  out  by  the  Federal  government 
to  survey  a  railroad  route  to  the  Pacific  coast  along  the  thirty- 
fifth  parallel  of  latitude. 

Capping  Pyramid  Mountain,  Cerro  Tucumcari  and  the  cliffs 
of  the  Canadian  river  near  the  eastern  border  of  New  Mexico, 
Marcou  noted  about  50  feet  of  massive  yellow  sandstones 
which,  with  other  underlying  beds,  he  regarded  as  Jurassic  in 
age.  The  massive  yellow  sandstone  of  these  sections  subse- 
quently proved  to  be  the  attenuated  eastern  edge  of  what  is 
now  denominated  the  Dakotan  series ;  while  lately  the  age  of 
the  beds  beneath  was  finally  adjudged  in  accordance  with 
Marcou's  original  designation. 

During  the  year  1858  Newberryf  crossed  northern  New 
Mexico  and  recognized  an  extensive  development  of  rocks 
which  he  regarded  as  of  Cretaceous  age  and  which  he  divided 
into  a  lower  group  and  an  upper  group.  These  divisions  are 
not  regarded  as  representing  the  similarly  named  subdivisions 
of  the  general  Cretaceous  section.  In  the  "Lower"  division, 
as  thus  understood,  the  Dakotan  sandstones  were  included ; 
and  the  terms  so  far  as  they  apply  to  northeastern  New  Mexico 
may  be  considered  as  practically  co-extensive.  In  northwest- 
ern New  Mexico  he  embraced  in  this  Lower  division  also  the 
Jurassic  Zunian  beds.  His  "Lower  Cretaceous"  does  not,  as 
has  been  widely  believed,  correspond  to  Meek  and  Haydeu's 
sul)division  of  the  "  Early  Cretaceous."  This  is  very  clearly 
shown  in  his  descriptions  of  the  region  around  Las  Vegas.:]: 
In  the  year  following  Newberry's  return  from  the  Colorado 
River  of  the  West,  and  two  years  before  the  publication  of  his 
official  report  just  referred  to,  this  author  published  a  criti- 
cism§  on  Marcou's  Jurassic  system  of  New  Mexico,  in  which 
he  attempted  to  show  that  all  of  the  so-called  Jurassic  rocks  are 
really  Cretaceous  in  age,  and  correspond  to  Meek  and  Ilay- 
den's  Fort  Eenton  and  Niobrara  groups,  or  the  Coloradan  series 
of  present  nomenclature.  This,  however,  is  not  strictly  cor- 
rect.    The  larger  part  of  Marcou's  Jurassic  system  of  rocks 

*Exp.  and  Sur.  Pacific  R.  R.  Route,  vol.  iii,  p.  137,  1856. 
f  Ives  Rept.  Colorado  River  of  West,  pt.  iii,  p.  107,  1861. 
^Loc.  cit.,  p.  106. 
§  This  Journal  (*^),  vol.  xxviii,  pp.  291:^299,  1859. 
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of  the  New  Mexican  re^on  belongs  to  the  Dakotan  series,  or 
below.  The  discussion  is  quite  remarkable  and,  in  the  light 
of  recent  investigations,  is  strangely  incongruent.  Marcou  and 
Newberry  traversed  very  different  routes;  that  of  the  first 
named  explorer  being  up  the  Canadian  river  valley  a  hundred 
miles  south  of  the  old  Santa  Fe  trail  which  the  last  mentioned 
observer  followed..  While  Newberry  was  discrediting  Mar- 
cou's  recognition  of  Jurassic  rocks,  he  himself  passed  over 
country  where  they  were  not  present  except  at  one  point — at 
the  Cimarron  crossing ;  and  years  afterward,*  with  no  refer- 
ence whatever  to  his  former  contention,  he  assigned  certain 
beds  in  this  vicinity  to  a  Jurassic  age.  Recently  Stantonf 
finds  that  these  and  the  Tucumcari  beds  of  Marcou  are  con- 
tinuous and  form  part  of  the  Morrisonian  series. 

Newberryij:  in  his  later  report  subdivided  the  Cretaceous  into 
three  sections,  the  "Lower"  division  embracing  only  the 
Dakota  sandstone. 

Although  Hayden,§  who  with  Meek  originally  defined  the 
Dakota  division  of  the  Cretaceous,  recognized  his  formation 
within  the  limits  of  New  Mexico  in  traveling  from  Raton  to 
Santa  Fe,  it  is  not  possible  to  determine  from  his  meager  de- 
scriptions just  how  much  of  the  general  section  of  the  region 
he  intended  to  include  under  the  title.  However,  it  is  known 
from  the  route  which  he  followed  that  he  had  at  no  time  any 
other  than  the  main  massive  sandstone  in  view.  At  no  point 
which  he  visited  are  any  of  the  lower,  or  Morrisonian,  beds 
exposed. 

As  originally  described,  the  "  Lower  Cretaceous  "  of  Steven- 
son,!} of  northeastern  New  Mexico,  appears  to  embrace  only 
what  is  now  called  the  Dakotan  series.  In  a  later  publica- 
tion^ this  writer  uses  the  terms  "  Dakota  Group "  to  cover 
not  only  the  Dakotan  series,  as  at  present  understood,  but  also 
the  Jurassic  section,  and  a  part  of  the  underlying  Triassic  beds 
of  previous  writers.  This  group  was  subdivided  by  him  into 
three  sections  called  the  Lower  Dakota,  the  Middle  Dakota 
and  the  Upper  Dakota.  The  last  mentioned  alone  can  now 
be  considered  as  the  equivalent  of  Meek  and  Hayden's  original 
Dakotan  series.  This  author**  says:  "The  grouping  to  be 
proposed  is  merely  provisional ;  dependence  has  been  placed 

*  MacomVs  Expl.  Exp.  June.  Grand  and  Green  Rivers,  p.  28,  1876. 

t  Journal  of  Geology,  vol.  xiii,  pp.  657-669,  1905. 

\  Macomb's  Expl.  Exp.  Geol.  Kept.,  121,  1877. 

^U.  S.  Geol.  Snrv.  Terr.,  Third  Ann.  Kept.,  2d  ed.,  p.  162,  1878. 

^Ibid.,  Supp.,  p.  90,  1881. 

I  (J.  S.  Geol.  Snrv.  W.  100  Merid.,  vol.  iii,  p.  400,  1975. 

**Loc.  cit.,  p.  88. 

Am.  Joub.  Sci.— Fourth  Series,  Vol.  XXII,  No.  128.— August,  1906. 
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solely  upon  lithological  characters  and  stratigraphy,  since  testi- 
mony 01  fossils  is  either  unattainable  or  indecisive.  When 
the  work  shall  have  been  prosecuted  in  detail  and  carried  sys- 
tematically toward  the  south  and  west  to  localities  already 
well  determined  by  evidence  of  fossils,  this  classification  may 
prove  to  be  somewhat  arbitrary.  For  the  present,  however,  it 
seems  desirable  to  include  under  one  group  the  Dakota  of 
Meek  and  Hayden  and  the  greater  part  oithe  Triassic  of  authors 
found  in  New  Mexico.  The  whole  series  may  be  Triassic  or 
it  may  be  wholly  Cretaceous.  It  is  included  under  the  Dakota 
here  merely  for  convenience  of  description." 

It  is  quite  clear  from  a  consideration  of  the  various  localities 
mentioned  that  the  author  had  somewhat  mixed  his  etrati- 
raphy,  a  fact  not  to  be  wondered  at  when  the  limited  time 
le  had  for  examination  is  taken  into  account.  His  ''  Upper 
Dakota"  of  one  locality  is  the  "Lower  Dakota"  of  another. 
ElsewUere  the  latter  is  of  undoubted  Early  Cretaceous  age, 
and  not  Mid  Cretaceous  (Upper  Cretaceous)  at  all. 

So  far  as  is  known,  it  is  largely  due  to  this  report  that  the 
confusion  regarding  the  delimitation  of  the  Dakotan  series 
arose  in  this  region.  Although  the  Hayden  reports  make  scant 
reference  to  the  New  Mexican  region,  the  various  allusions  are 
of  similar  tone.  And  the  way  was  paved  by  Newberry's 
denunciations  of  Marcou  based  upon  very  incomplete  observa- 
tions. 

In  northwestern  New  Mexico,  Holmes*  ascribes  about 
1,200  feet  of  strata  to  the  Dakota  group,  which  he  divides 
into  "Lower"  and  "Upper"  portions.  Only  the  massive 
Upper  division  is  now  regarded  as  properly  representing  the 
Dakotan  series.    The  so-called  "  Lower  Dakota     formation  is 

Juite  different  .lithologically  from  tlie  "Upper"  portion,  and 
)uttont  move  recently  gave  it  the  name  of  Zufii  sandstones. 
It  is  now  regarded  as  Jurassic  in  age,  as  already  noted. 

In  later  years  CumminsJ  lias  proposed  to  put  the  attenuated 
Dakota  sandstone,  as  exposed  in  the  Cerro  Tucumcari  in  east- 
ern New  Mexico,  with  the  Early  Cretaceous  and  Jurassic 
formations  of  that  section,  and  to  call  the  whole  the  Tucum- 
cari beds,  or  formation. 

The  unity  of  the  great  sandstone  plate  as  a  distinct  and 
easily  recognizable  stratigraphic  formation  seems  to  be  now 
fully  demonstrated,  and  also  finds  corroboration  in  the  recent 
observations  of  Stanton  in  southeastern  Colorado.  The  name 
Dakotan  series  is  properly  restricted  to  it. 

State  School  of  Mines,  Socorro,  New  Mexico. 

*U.  S.  Geol.  and  Geog.  Sur.  Terr.,  9th  Ann.  Kept.,  p.  224.  1877. 
f  U.  S.  Geol.  Sur.,  6th  Ann  Kept.,  p.  140,  1886. 
X  Texas  Geol.  Sur.,  Third  Ann.  Kept.,  p.  201,  1892. 
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Abt.    XIII. — The    Plauenal    Monzonose   (Syenite)   of  the 
Plauenscher  Orund ;  by  Henky  S.  Washington.* 

Of  the  group  of  syenites,  eoinposed  essentially  of  orthoclase 
and  hornblende,  biotite  or  augite,  that  of  the  Plauensclier  Grund 
near  Dresden  has  been  the  longest  known  and  is  regarded  as 
one  of  the  most  typical,+  especially  of  the  hornblende-syenites 
or  syenites  proper.  It  has  also  been  regarded  as  one  of  the 
few  known  highly  potassic  representatives  of  these  rocks,  or 
those  in  which  tne  amount  of  potash  far  surpasses  that  of  soda.:}: 

In  the  course  of  a  study  of  the  highly  potassic  volcanic  rocks 
of  Italy  the  close  similarity  of  the  well-known  analysis  by  Zir- 
kel  of  the  Plauen  syenite  to  those  of  some  of  the  Italian  lavas 
was  noted,  a  similarity  so  great  that  the  former  might  be  con- 
sidered as  a  plutonic  representative  of  the  same  magma  as  that 
which  furnished  the  lavas  farther  south. 

As  the  older  analysis  was  not  altogether  Satisfactory  because 
of  the  high  summation,  and  its  incompleteness,  the  oxides  of 
iron  not  having  been  separated  nor  TiO,  and  P,Oj  deter- 
mined, as  well  as  on  account  of  its  early  date,  a  new  analysis 
of  the  rock  was  undertaken.  The  material  used  for  this  was 
a  specimen  collected  by  myself  in  1897  at  one  of  the  large 
quarries  on  the  left  bank  of  the  Weisseritz  south  of  the  Gasan- 
stalt.  The  results  of  this  were  quite  unexpected,  diverging 
very  much  from  the  older  one  in  some  particulars,  most  espe- 
cially in  the  relations  of  the  alkalies,  as  will  be  seen  later. 
Some  hesitation  was  felt  about  publishing  the  new  analysis, 
the  more  so  because  I  was  informed  bv  Professor  Zirkel,  to 
whom  the  analysis  was  shown  in  1904,  that  the  mass  of  syenite 
varied  considerably  from  place  to  place,  a  fact  which  might 
explain  the  discrepancies. 

It  was  finally  decided  to  test  this  last  point,  and  to  determine 
the  true  composition  of  the  rock,  by  examining  specimens 
from  different  parts  of  the  mass.  As  a  second  visit  was 
impracticable,  the  object  was  accomplished  by  obtaining  speci- 
mens from  different  sources  and  collected  at  different  times. 
These  would  presumably  be  derived  from  different  parts  of 
the  mass  and  should  reveal  any  differences  in  composition 
should  such  exist,  or,  on  the  other  hand,  by  their  uniformity 
show  that  the  variations  were  not  as  great  as  had  been  sup- 
posed. 

•  The  resnlts  in  this  paper  form  part  of  an  investigation  conducted  for 
the  Carnegie  Institution  of  Washington,  the  Trustees  of  whom  1  must  thank 
for  permission  to  publish  it  here. 

t  Cf.  Zirkel,  Lehrbuch,  II,  18d4,  p.  300;  Rosenbusch,  Mikr.  Phvs.,  II, 
1896,  p.  120. 

X  Brogger,  Eruptivgest.  Krist.  Geb.,  II,  1895,  p.  30. 
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For  this  purpose  Dr.  Whitman  Cross  furnished  me  with 
material  from  a  specimen  (No.  234)  in  the  Petrographie  Refer- 
ence Collection  of  the  United  States  Geological  Survey,  Prof. 
J.  F.  Kemp  with  part  of  a  specimen  collected  by  himself  in 
1886  and  now  in  the  collection  of  Columbia  University,  and 
Prof.  L.  V.  Pirsson  with  a  piece  of  a  specimen  whicli  had 
been  bought  bv  him  in  1891  of  Blatz  in  Heidelberg,  and  now 
in  the  collection  of  the  Sheffield  Scientific  School.  Each  of 
these  specimens  was  practically  identical  with  mine  in  all 
respects,  and  the  pieces,  though  not  large,  were  amply  suffi- 
cient to  furnish  representative  material  for  analysis.  It  is  a 
great  pleasure  to  express  my  thanks  to  these  friends,  who  have 
so  kindly  and  generously  aided  the  present  investigation. 

As  three  complete  analyses  would  have  involved  the  expendi- 
ture of  much  valuable  time,  it  was  decided  instead  to  deter- 
mine the  alkalies  alone  in  each  of  these  specimens,  since  the 
divergencies  between  Zirkel's  analysis  and  mine  were  most 
serious  as  regards  these  constituents,  and  it  was  considered 
that  any  marked  variation  in  the  igneous  mass  would  be  surely 
manifest  in  the  figures  for  these.  The  results  of  the  deter- 
minations were  fully  confirmatory  of  my  first  complete  analy- 
sis, and  indicate  a  remarkably  uniform  composition  throughout 
the  mass,  at  least  as  far  as  the  specimens  extend.  Not  only  is 
this  uniformity  of  interest  as  showing  the  tnie  chemical  com- 
position of  this  well-known  rock-type,  but  it  is  of  some  import- 
ance in  a  more  general  way  by  indicating  the  uniformity 
which  may  obtain  through  large  igneous  masses.  It  may  be 
added  that  the  alkali  determinations  were  made  in  every 
case  by  the  Lawrence  Smith  method,  which  experience  has 
shown  to  be  the  most  expeditious  and  fully  as  accurate  as, 
if  not  more  so  than,  the  Bunsen  method  usually  employed 
abroad.  Since  this  paper  has  been  set  up  the  chief  constituents 
in  Cross's  specimen  have  been  determined,  the  results  being 
embodied  in  the  table  of  analyses. 

Although  the  rock  is  well-known  to  all  petrographers,  it  will 
be  briefly  described  in  terms  of  the  quantitative  system  of 
classification,  as  an  illustration  of  the  methods  of  this  and  of 
the  form  in  which  the  descriptions  of  rock-types  according  to 
this  system  may  be  stated. 

I  may  add  that  it  is  with  reluctance  that  I  am  thus  com- 
pelled to  point  out  and  to  correct  an  error  of  my  teacher  and 
iriend,  Professor  Zirkel,  and  can  but  mention  the  fact  that  the 
analytical  methods  and  standards  of  forty  years  ago  had  not 
attained  the  degree  of  accm^acy  which  tJiey  have  at  present. 
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Plauenal  Monzonose, 

Megascopic  characters. — General  color,  light  pinkish-brown  ; 
plianerocrystalline  and  apparently  holocrjstalline,  medium 
^rain,  1  to  5""°,  granular  equant  fabric,  inclining  to  trachytic; 
composed  of  dominant  feldspar,  of  a  brownish-pink  color,  mostly 
in  tables  about  5™™  wide  and  1"""  thick,  without  twinning 
lamellae,  which  show  a  subparallel  arrangement ;  subordinate 
hornblende  in  greenish  black,  equant  anhedra,  1  to  3™°'  in 
diameter ;  a  few  grains  of  colorless  quartz  and  rare,  small, 
brownish  titanites. 

Microscopic  characters. — Holocrystalline,  automorphic  gran- 
ular. Minerals  present:  alkali-feldspar,  hornblende,  quartz, 
plagioclase,  magnetite,  titanite,  apatite. 

Soda-orthoclase. — About  65  per  cent;  in  stout  subhedral 
plates,  tabular  parallel  to  h  (010),  Carlsbad  twinning  common ; 
evidently  a  soda-orthoclase,  with  moire  appearance  and  micro- 
perthitic  structure  very  common,  but  no  microcline. 

Hornblende. — About  17  per  cent;  in  stout,  subhedral  pris- 
moids  or  irregular  anhedra,  often  twinned  on  a  (100) ;  color 
olive-green,  pleochroic,  c  and  b  olive-green,  a  greenish  yellow, 
c  =  b  >  a ;  some  individuals  have  a  narrow,  irregular  border 
of  bluish  green  hornblende;  magnetite  a  common  inclusion, 
titanite  and  apatite  less  so,  and  ormoclase  rare. 

Quartz. — About  10  per  cent;  xenomorphic,  in  irregular 
anhedra,  interstitial  between  the  other  constituents,  especially 
the  feldspar  and  hornblendes ;  occasional  undulatory  extinction. 

Oligoclase. — (Ab^An,).  About  3  percent;  stout  subhedral 
tables,  twinning  lamellae  according  to  the  albite  law  very  nar- 
row and  numerous. 

Magnetite. — About  2  per  cent ;  small,  subhedral  to  anhedral 
grains. 

Titanite. — About  2  per  cent;  automorphic,  giving  the 
usual  lozenge  sections;  pale  brown,  slightly  pleochroic. 

Apatite. — About  1  per  cent;  automorphic,  stout  prisms; 
clear. 

Chemical  composition. — The  chemical  composition  is  shown 
in  the  table,  the  earlier  analyses  by  Zirkel  and  Griffith  (quoted 
from  Brogger)  being  given  in  columns  I  and  II,  the  complete 
analysis  of  my  specimen  in  III,  that  of  Cross's  specimen  in 
IV,  followed  by  the  alkali  determinations  of  the  otlier  speci- 
mens, and  the  final  average  with  the  molecular  ratios  in  VII 
and  VIII. 

The  two  older  analyses  are  very  closely  alike,  a  fact  to 
which  Brogger  has  called  attention.  They  are,  however, 
both  unsatisfactory  according  to  modern  standards,  the  sum- 
mation of  I  being  unwarrantedly  high,*  and  both  being  incom- 

*  The  sum  wonld  be  still  higher  were  the  ferric  oxide  reckoned. 
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Analyses  of  syenite  from  the  Plauenscher  Orund, 
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101-03    100^00    100-43    99*40 
Sp.  Gr.     2*730 

F.  Zirkel,  Pogg.  Ann.  cxxii,  1864,  p.  622. 

Griffith,  Chem.  News,  xlvii,  1882,  p.  170  (cf.  Br5gger, 

op.  cit.,  p.  30). 
Specimen  of  H.  S.  Washington. 
Specimen  from  W.  Cross. 
Specimen  from  L.  V.  Pir«>8on. 
Specimen  from  J.  F.  Kemp. 
Average  of  III,  IV,  V  and  VI. 
Molecular  ratios  of  VII. 


III. 

IV. 

V. 

VI. 

VII. 

VIII. 


plete,  especially  as  regards  the  iron  oxides,  while  the  total  of 
ll  (exactly  lOO^OO)  gives  rise  to  some  uneasiness. 

They  both  resemble  III  and  IV  in  the  figures  for  silica, 
alumina,  magnesia  and  lime,  but  differ  much  in  those  for  the 
oxides  of  iron  and  the  alkalies,  though  the  total  amount  of 
these  last  is  about  the  same  in  all.  It  may  be  noted,  however, 
that  the  specimens  analyzed  by  Zirkel  and  Griffith  and  that  of 
Cross  are  evidently  slightly  more  femic  than  mine.  This  is 
shown  by  the  lower  silica  and  higher  iron  oxicjes,  magnesia 
and  lime,  as  well  as  by  the  alumina  when  it  is  remembered 
that  the  Al,0,  of  I  and  II  include  the  TiO,  and  P,0,  of  the 
rock.* 

*The  SiOj  wUl  also  include  some  of  the  TiOa  and  possibly  a  little  FeaO,, 
etc..  if  it  was  not  checked  as  to  purity  by  evaporation  with  hydpofluoric  and 
sulphuric  acids.  It  may  be  noted  that  the  unchecked  silica  in  IV  amounted 
to  59 '40  per  cent. 
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If  the  ferrous  oxide  of  I  is  divided  up  in  about  the  ratio 
shown  by  III,  that  is  3-89  Fe,0,  and  3*50  FeO,  the  norm  calcu- 
lated on  this  basis  is  as  follows : 

Quartz 7*08 

Orthoclase 38-02 

Albite 20-44 

Anorthite 15-57 

Diopside 5-10 

Hypersthene 7*31 

Magnetite 5-57 

100-08 
Water 1-29 

101-37 
Extra  oxygen. 0-3S 


100-99 


This  gives  as  the  systematic  position  ciminose  (II.5.2.2),  a 
rare  subrang  which  is  abundantly  represented  at  the  Italian 
volcanoes,  but  which  is  unknown  outside  of  these  except  as  the 
durbachite  of  the  Schwarzwald,  a  rock  with  very  abundant 
biotite,  which  is  quite  absent  from  the  Plauen  syenite. 

The  figures  for  the  alkalies  in  the  new  analyses  are  remark- 
ably constant,  Na,0  varying  only  from  4*34  to  4*49,  while  the 
range  of  K,0  is  slightly  greater,  from  4*33  to  4*93 :  the  for- 
mer being  within  tne  acceptable  limits  of  analytical  error  and 
tlie  latter  scarcely  more  tnan  this.*  Silica  varies  within  a 
range  of  3-19  per  cent,  and  the  other  constituents  are  some- 
what higher  in  IV  than  in  III,  though  not  very  much  so. 
Taken  as  a  whole,  when  we  remember  that  silica  is  the  most 
abundant  constituent  and  the  one  in  which  a  greater  range  of 
variation  is  to  be  expected,  and  when  the  different  times  when, 
and  the  different  parts  of  the  mass  where,  the  specimens  were 
collected  are  considered,  the  results  of  ray  analyses  imply  a 
remarkable  uniformity  in  the  mass  of  syenite.  It  is  true  that 
highly  feldspathic,  as  well  as  highly  hornblendic,  schlieren 
occur  here  and  there,  but  these  are  of  very  minor  importance, 
besides  being  complenjentary  to  each  otiier.  While  the  close 
correspondence  between  I  and  II  might  argue  a  composition 
similar  to  these,  their  earlier  date  and  unsatisfactory  character, 
as  well  as  the  improbability  of  the  systematic  position  to  which 
they  lead,  make  one  feel  confident  that  the  true  composition  of 
the  mass  is  shown  by  the  new  rather  than  by  the  older  analy- 
ses, and  that  it  is  best  represented  by  the  average  of  these,  as 
given  in  VIL 

♦Dittrich,  Nenes  Jahrb.,  1903,  ii,  p.  81 ;  Washington,  Manual  Chem.  Anal. 
Rocks,  1904,  p.  24. 
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The  norm  of  VII  calculates  out  as  follows : 

Norm.  Ratios. 

Q  6-90  6-90   )  Sal  ^ 

Or      27-24  1  >     83'85      -v      =6*53,  Class  II,  dosalane. 


Ab     37-20  \     76-95 

An      12-51    ) 

Di         6-11    )        .  ..  .  Q 


An      12-51   )  .-.  =  11-15,  Order  5,  germanare. 


Hy       2-93  f       ^^*  1  K,0'  +  Na.O'_    2-67,   Rang   -2, 

^'        \li  5-61    \     13-85  CaO' 


monzonose. 


A*  1*67  T-  /v 

Ap       0  72  0  72  *      --0'69,    Subrang    8,    mon 


Na,0'  zonose. 


99-22 
Rest     1-0 1 


100-23 

The  average  rock  therefore  falls  in  monzonose  (II.5.2.3), 
as  do  both  Cross's  specimen  and  mine,  and  presumably  the 
others  also.  It  will  have  been  seen  that  Zirkel's  analysis  places 
the  rock  in  the  same  class,  order  and  rang,  but  in  the  dopotassic 
instead  of  the  sodipotassic  subrang.  As  the  somewhat  more 
femic  character  of  his  specimen  cannot  be  considered  to  be 
connected  with,  or  to  bring  about,  such  a  radical  difference  in 
the  proportions  of  the  alkalies,  their  total  amount  in  I  and  VII 
being  about  the  same,  we  are  forced  to  suppose  that  the  dis- 
crepancy is  due  to  some  analytical  error,  such  as,  possibly,  a 
dehydration  of  the  sodium  platiuichloride. 

Mode,—T^\\%  mode  of  the  plauenal  monzonose  was  deter- 
mined by  numerous  measurements  in  diflferent  directions  across 
a  typical  section  of  my  specimen.     The  results  were  : 

Vol.  Wt. 

per  cent.  per  cent. 

Quartz 11-50  11-09 

Soda-orthoclase 67-58  63-96 

Oligoclase   2*90  2-79 

Hoinblende 14-26  16-61 

Magnetite  1-38  2*61 

Titaiiite   155  1*97 

Apatite 0-83  0*97 

100-00  100-00 

As  the  chemical  compositions  of  the  hornblende  and  of  the 
soda-orthoclase,  which  may  contain  some  lime,  are  unknown,  it 
is  impossible  to  check  the  measured  mode  satisfactorily  by  cal- 
culation of  the  mode  from  the  chemical  composition,  nor 
conversely   to   calculate   the  chemical   composition  from  the 
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measured  mode  as  given  above.  It  is  clear,  however,  that  tlie 
mode  is  decidedly  abnormative,  the  hornblende  taking  up 
nearly  all  of  the  normative  diopside  and  hypersthene,  with  a 
very  considerable  amount  of  the  anorthite,  and  a  little  of  the 
albite,  mf^netite  and  ilmenite.  The  greater  part  of  the  ilmen- 
ite  is  used  up  in  forming  titanite,  the  silica  and  lime  needed 
coming  from  diopside  and  the  ferrous  oxide  of  the  ilmenite 
taking  its  equivfident  of  silica  from  the  normative  quartz  to 
enter  the  hornblende.  On  the  other  hand  the  estimated 
amounts  of  quartz,  orthoclase  and  albite  as  given  above  corre- 
spond well  with  the  figures  for  these  in  the  norm  calculated 
from  III.  That  the  mode  here  given  is  close  to  the  truth  is 
indicated  by  the  specific  gravity.  That  of  my  specimen  was 
found  to  be  2*73  at  23°,  identical  with  ZirkePs,  while  that  cal- 
culated from  the  amounts  of  the  several  minerals  shown  by 
Kosiwal's  method  was  2*697,  a  very  satisfactorily  close  agree- 
ment. 

Name, — In  a  general  way  therefore  this  rock  may  be  spoken 
of  as  hornblende  grano-monzonose,  but  on  account  of  its 
importance  we  may  regard  it  as  a  type,  to  which  the  name  of 
j>lauenal  monzonose  may  be  appropriately  given.  This  name, 
it  will  be  seen,  implies  the  modal  and  textural  characters 
involved  in  Rosenbusch's  Plauen  Typus  of  the  hornblende- 
syenites,  but  more  strictly  defined  and  with  a  very  definite 
indication  of  the  chemical  composition  as  well. 

Locast,  N.  J.,  Jnne. 
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Art.   XIV. — CoUoidcd  Nuclei  and  Ions   in  Dustrfree  Air 
saturated  with  Alcohol  Vapor  /  by  C.  Babus. 

1.  Introductory, — In  my  report*  on  the  solntional  nadens 
and  elsewheref  I  came  to  the  conclusion  that  the  diflferences 
in  promoting  condensation  exhibited  by  positive  and  negative 
ions  were  more  probably  to  be  ascribed  to  the  diflference  in 
chemical  structure  or  composition  involving  a  difference  of 
size,  than  to  the  electrical  differences  as  sucn.  Experiments 
made  in  Wilson's  apparatus  by  Dr.  Donnan;}:  with  vapors  of 
methyl  and  ethyl  alcohol,  carbon  tetra-chloride,  carbon-disul- 
phide,  benzol,  chloro-benzol,  show  that  the  snpersatnration 
needed  to  produce  condensation  was  not  necessarily  greater  in 
ionizing  than  in  non-ionizing  solvents.  With,  similar  appa- 
ratus Dr.  K.  Przibram§  recently  examined  a  series  of  alcohols 
and  other  bodies  ionized  by  the  X-rays,  obtaining  among  a 
variety  of  data  a  noteworthy  result  with  a  direct  bearing  on 
the  question  here  at  issue.  It  appears  that  whereas  in  the  case 
of  water-vapor  the  negative  ions  are  more  efficient  condensa- 
tion nuclei  than  the  positive  ions,  the  reverse  holds  for  the 
alcoholic  vapors.  In  cases  of  methyl,  ethyl,  amyl  and  heptyl 
alcohols  (including  some  other  bodies  like  chloroform)  the 
positive  ions  invariably  require  less  supersaturation  to  precipi- 
tate condensation  than  the  negative  ions  of  the  same  body. 

Interesting  differences  are  tnerefore  manifest  in  the  behavior 
of  vapors,  and  it  seemed  desirable  to  test  the  nucleation  of  a 
dust-free  medium  of  ethyl  alcohol  and  air  in  comparison  with 
the  media  of  water-air  and  water-carbon-dioxide  hitherto  exam- 
ined. The  former  behaves  in  fact  as  if  the  nuclei  were  through- 
out larger  than  in  the  latter  cases.  Hence  the  colloidal  nuclei 
of  dust-free  wet  air  should  be  associated  rather  with  the  satu- 
rated vapor  than  with  the  gas. 

2.  Apparatus.  Method, — The  experiments  were  conducted 
with  an  apparatus  in  which  the  connecting  pipes  between  the 
fog  chamber  (18  inches  long,  5  in.  in  diameter)  and  the 
vacuum  chamber  (5  feet  long,  1  foot  in  diameter)  were  4 
inches  in  diameter  containing  a  4-inch  counterpoised,  plug 
stop-cock.  The  whole  connecting  system  was  about  22  in. 
long,  one-half  of  it  belonging  to  the  fog  chamber.  Experiments 
made  with  water-vapor,  however,  did  not  show  any  further 
marked  advantage  arising  from  tlie  use  of  the  large  passage 
way  specified,  over  the  former  apparatus,  in  which  the  corre- 

*  '' Structure  of  the  Nucleus":  Smiths.  Contrib.,  No.  1373,  1908,  p.  161. 

t  '•  Ions  and  Nuclei '' :   Nature,  Ixix,  1903.  p.  103, 

X  F.  G.  Donuan :  Phil.  Mag.  (0),  iii,  p.  305  to  310,  1902. 

g  K.  Pi-zibram :  Wien.  Sitzungsber,,  cxv,  pt.  Ila,  p.  1  to  6,  190ft. 
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sponding  tube  was  2  inches  in  diameter.  It  is  therefore  super- 
fluous to  adduce  for  comparison  the  new  data  for  water-vapor. 
The  general  method  of  work  was  that  frequently  described  in 
connection  with  these  investigations.  With  the  exceptions 
stated  all  data,  to  be  at  once  comparable,  must  be  obtained 
with  a  given  pair  of  fog  and  vacuum  chambers. 

3.  Properties  of  alcohol  fog. — While  the  experiments  of  my 
last  paper  with  the  medium  oi  water-vapor  aria  carbon-dioxide 
gas  showed  unusually  high  values  of  the  exhaustions  needed  to 
produce  coronal  condensation,  the  case  of  alcohol  air  shows 
correspondingly  low  values  of  exhaustion,  as  compared  with 
those  for  water-air.  The  number  of  colloidal  nuclei  entrapped 
by  alcohol  vapor  are  about  3*5  times  larger  than  is  the  case  for 
water-vapor  under  like  conditions.  Hence  the  coronas  for 
alcohol  are  exceedingly  dense  by  contrast.  They  are  also 
much  less  regular  in  color  and,  particularly  at  high  exhaustions, 
become  fog-like.  The  phenomenon  is  coarsened  and  measure- 
ment less  satisfactory. 

As  the  alcohol  fog  particles  are  larger  in  size,  they  subside 
more  rapidly  at  the  same  exhaustion  than  water  particles :  but 
the  occurrences  are  in  the  former  case  far  from  simple.  While 
in  the  earlier  experiments  the  corona  (if  not  too  large)  remained 
nearly  the  same  throughout  the  slow  subsidence  of  water  parti- 
cles, the  coronas  for  water  and  for  alcohol  particles  in  the 
present  work  decreased  one-half  or  more  in  size  during  this 
period.  In  other  words,  the  fog  particles  now  experience  very 
rapid  growth*  during  subsidence,  from  which  it  follows  many 
of  them  must  evaporate  to  compensate  in  part  for  the  eight- 
fold or  more  enlargement  in  bulk  of  the  survivers,  or  further 
vapor  may  condense.  The  same  fact  may  account  in  alcohol, 
where  the  phenomenon  is  more  rapid,  for  the  blurred  coronas  ; 
for  the  true  initial  corona,  being  very  evanescent,  is  probably 
not  seen.  Conformably  with  this  view,  it  is  impossible  to 
exceed  large  white  reddish  forms  in  the  present  apparatus  and 
to  reach  the  high  greens  observed  with  water-vapor. 

4.  Number  of  particles. — In  order  to  determine  the  num- 
berf  of  particles  corresponding  to  a  given  corona,  it  is  first 
necessary  to  compute  the  amount  of  alcohol  precipitated  per 
cubic  centimeter  of  the  exhausted  vessel,  by  the  sudden  cool- 
ing incident  upon  exhaustion.  This  may  be  done  by  a  straight- 
forward approximation;]:  with  results  shown  in  the  following 
table,  where  t^  is  the  initial  temperature  of  the  saturated  air 
within  the  fog  chamber,  t^  the  temperature  after  sudden 
exhaustion  and  before   condensation,   and  t  the  temperature 

*  The  precise  reasons  for  this  growth  may  be  of  some  importance  in  rela- 
tion to  rain. 

fC.  T.  R.  Wilson:  Phil.  Trans.,  London,  vol.  elxxxix,  1897,  p.  300. 

X  The  size  of  fog  particles  in  terms  of  the  apertures  of  the  coronas  is  found 
as  shown  in  my  earlier  papers  (Smithson.  Contrib.,  No.  1373,  Chap.  viii). 
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after  the  precipitation  of  the  m  grains  of  alcoholic  fog  per 
cubic  centimeter.  The  drop  in  pressure*  is  hp  from  p  =  76*"" 
at  20°  C.  The  data  of  the  last  columns  will  be  presently 
explained. 
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30 
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We  may  infer  from  tlie  table  that  in  a  perfect  apparatus, 
water  fog  particles  would  reach  freezing  (0°  C.)  at  Bp  =  24'™ 
and  alcohol  fog  particles  at  Bp  =  34'5*^.  Moreover  for  the 
same  corona  there  must  be  on  the  avei'age  about  3'5  times 
more  particles  in  the  alcoholic  fog  than  in  the  water-fog,  which 
accounts  for  the  opaqueness  of  the  former. 

For  the  reasons  adduced  it  is  not  worth  while  to  express  the 
results  otherwise  than  in  round  numbers,  for  the  data  involved 
are  inevitably  crude.  The  assumption  of  the  law  of  adiabatic 
cooling  as  far  as  —36°  C.  is  questionable  in  view  of  the  admix- 
ture saturated  vapor:  but  as  the  densities  of  vapor  are  for 
alcohol  about  8  per  cent  that  of  air  and  for  water  vapor  about 
7  per  cent,  this  approximation  in  a  raritied  atmosphere,  as  well 
as  the  use  of  Boyle's  law  for  a  wet  gas,  is  probably  admissible. 
It  is  different,  however,  with  the  latent  heat  of  the  vapor, 
which  is  required  at  the  low  temperatures,  but  is  knovm  (as  a 
rule)  only  at  temperatures  near  the  boiling  point.  From  this 
and  similar  points  of  view,  measurements  of  latent  heat  for  the 
more  common  vapors  at  very  low  temperatures  would  be  desir- 
able. 

Finally  the  point  at  which  the  drop  in  pressure  ceases  to  be 
eflScient,  because  of  the  increasingly  rapid  inward  radiation  of 
heat  from  the  vessel,  is  the  most  serious  of  the  outstanding 
errors.  I  have  endeavored  to  diminish  it  compatibly  with  the 
desideratum  of  a  large  and  easily  adjusted  fog  chamber,  by 
successively  increasing  the  bore  of  the  exhaust  pipes  and  stop- 
cocks ;  and  this  plan  has  been  in  a  large  measure  successful. 
The  extent  to  wnich  the  error  is  present,  as  the  drop  in  pres- 
sure increases  more  and  more,  is  nevertheless  left  unanswered. 

*The  valae  of  Sp  here  referred  to  is  the  experimental  valne  observed 
under  isothermal  conditions  at  the  fog  chamber.  The  value  computed  from 
the  dimensions  of  fog  and  vacuum  chambers  is  dp  x  *775,  as  will  be  shown 
elsewhere. 
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If  the  upper  inflection  of  the  distribution  curve  (fig.  2)  is  a 
criterion,  i.  e.,  if  adiabatic  cooling  ceases  with  the  occurrence 
of  identical  terminal  coronas  for  successively  increasing  ex- 
haustions, the  fog  chamber  with  water-air  is  efficient  to  about 
hp  —  31  or  32"°,  with  water  and  ,  carbon -dioxide  to  about 
hp  =  ST*^'^,  with  alcohol  and  air  to  about  &p  =  20^.  In  the 
former  case  the  vapor  would  be  cooled  from  20°  to  about 
— 10°  C.  even  after  condensation :  in  the  latter  case  to  about 
+  10°.  On  general  principles  and  in  view  of  the  low  tempera- 
tures of  the  water  particles,  it  would  seem  probable  that  the 
efficiency  of  the  fog  chamber  must  vanish  gradually.  But  the 
appearance  of  the  curves  is  such,  as  if  the  action  were  unim- 
paired up  to  a  given  terminal  drop  in  pressure. 

In  every  case  the  fog  particles  with  the  surrounding  medium 
of  vapor  soon  reach  the  temperature  of  the  air  ag^in,  so  that 
additional  moisture  must  arrive  from  somewhere.  It  has  been 
instanced  above  that  the  marked  constancy  of  the  water-coronas 
during  this  period  in  the  work  done  heretofore  gave  no  evi- 
dence of  the  evaporation  ;  while  the  present  water  and  alcohol 
coronas  decrease  one-half  in  aperture,  i.  e.,  the  preponderat- 
ing fog  particles  actually  grow,  because  the  exhaustion  is 
slowly  but  steadily  incremented  when  the  stop-cock  is  not 
quite  tight,  the  fog  particles  acting  like  very  large  nuclei. 
Even  if  this  is  compatible  with  the  evaporation  of  the  smaller 
particles,  there  is  again  no  evidence  for  it.  Much  of  the 
moisture  must  therefore  come  from  the  wet  cloth  and  the 
water  within  the  vessel,  which  are  not  cooled  by  the  expansion. 

5.  Size  of  the  tiuclei, — Here  it  may  be  worth  while  to 
inquire  into  the  reason  why  the  precipitation  in  alcohol  is 
apparently  so  much  easier ;  or  what  is  the  same  thing,  into  the 
estimated  size  of  the  nucleus  on  which  precipitation  takes 
place  in  these  several  cases.  The  Kelvin  equation  as  modified 
by  Helmholtz*  may  be  usedf  for  this  purpose  (as  was  done  by 
the  latter  and  by  Wilson;]:  in  the  form  Pr/p^^  ^T/RsQr  ^jjgj.g 
pr  and  »  are  the  vapor  pressures  at  the  convex  areas  of  radius 
/•  and  radius  infinity  respectively,  T  the  surface  tension  of  the 
liquid  of  density  «,  H  the  gas  constant  of  its  vapor  at  the 
absolute  temperature  0.  Since  j?,.  is  the  ad iabatically  reduced 
vapor  pressure  (without  condensation)  in  the  volume  expansion 
due  to  the  drop  of  pressure  3/?,  and  p^  ,  the  normal  vapor  pres- 
sure at  the  same  temperature  ^=  273°  +  ^,  in  Table  I,  r  fol- 
lows from  the  equation.  The  values  of  S  =  Pr/?^,  ^^^  ^*  ^^ 
found  are  both  given  in  Table  I,  and  have  been  constructed  in 

♦Helmholtz  :  Wied.  Ann.,  xxvii,  p.  524,  1886. 

f  SimUar  estimates  of  my  own  are  given  in  Bnll.  U.  S.  Weather  Barean, 
No.  12,  1895,  p.  48. 

XC.  T.  R.  Wilson  :  PhU.  Trans.,  vol.  clxxxix,  1897,  p.  305. 
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the  chart,  figure  1,  where  their  relation  to  the  usual  order  of 
molecular  size  (»«  in  the  figure)  is  also  indicated.  Clearly 
these  values  of  ;',  the  radius  of  the  nuclei  differing  so  little 
from  molecular  radii  (say  10'"  "■),  can  only  indicate  an  order  of 
ralues ;  for  apart  from  the  difficulties  above  eiminerated  in 
computing  6,  r  depends  on  surface  tension  T,  which  has  no 
meaning  for  molecular  dimensions.     Granting  this,  it  is  none 
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tile  less  remarkable  that  the  values  of  r  obtained  should  be  so 
nearly  alike  for  water  and  alcohol,  where  different  constants 
{2\  it,  H.  etCi)  occur  tlironghout ;  in  other  words,  that  at  a  given 
temperature  a  given  drop  of  pressure  will  condense  both  vapors 
on  nuclei  of  about  the  same  size. 

•  Insofar  as  these  estimates  are  admissible,  it  follows  that  the 
alcohol  air  nnelens  is  larger  than  the  water  air  nucleus ;  in  the 
former  case  coronal  conaensation  begins  at  about  5p=  15™, 
where  /'  =  10"',  while  in  water  vapor  it  begins  at  S/>  =  26™, 
where  r  =  -txlO"'  about,  less  than  half  as  large.  These  rela- 
tions once  established  are  retained  tlirough  all  succesBious 
of  nuclei,  as  the  following  data  for  alcohol   vapor  in  compari- 
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son  with  water  vapor  stow.  It  is  a  little  ditiicDlt  to  under- 
stand why  the  ionized  nuclei  in  alcohol  vapor  sbonld,  like  the 
colloidal  nuclei,  be  lar^r  than  the  correspond  in^  cases  for 
water  vapor,  unless  the  ious  are  aggregated  colloidal  nuclei,  a 
point  of  view  tentatively  advanced  eleewliere.* 

6.  Data  for  alcohol  vapor. — Tlie  behavior  of  alcohol 
vapor  is  shown  in  the  nsuat  way  in  the  following  chart,  lig.  % 
wliere  hp  ie  the  sudden  fall  in  pressure  frona  normal  atmos- 
pheric pressure,  producing  the  corona  of  the  angular  diameter 
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*  /  30,  when  the  eye  and  the  source  of  light  are  at  distances  4(1 
and  250™  on  the  opposed  sides  of  the  fog  chamber.  The 
nucleation  n  deduced  from  s  is  computed  in  the  way  given 
aT>ove,  S4,  and  indicates  the  number  of  nuclei  in  the  itx'hamied 
fog  chamber.  It  is  aseumcd  therefore  that  the  nuclei  are  I'e- 
()roduced  more  quickly  than  they  can  be  withdrawn  by  the 
exhaustion.  Measurement  of  a  is  not  very  satisfactory,  as  the 
coronas  are  blurred  and  accoiupauied  by  dense  fogs  and 
change  rapidly  on  subsidence.  The  effect  of  X-radiation  leads 
to  the  same  terminal  corona  which  appears  for  the  nou-energized 
vapor. 

The  results  as  exhibited  in  fig.  2  are  seen  in  connection  with 
earlier  results  for  media  of  water-air  and  water-carbon-dioxide, 
the  same  condensation  apparatus  and  method  underlying  all 
experiments.  One  may  notice  at  once  that  in  tiie  cases  CO,- 
water  and  air-water,  both  for  the  non-energized  and  for  the 
energized  state,  the  observed  data  would  be  obtained  by  shift- 
ing tlie  air-water  dia^am  as  a  whole  to  tlie  right,  as  if  tlic 
cooling  in  case  of  CO,-water  vajwr  were  less  ethcient.t     The 
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graphs  are  of  the  same  kind,  nearly  parallel,  and  all  of  them 
(energized  or  not)  again  terminate  in  the  same  asymptote  or 
large  green-bhie-purple  corona. 

The  alcohol  curves  differ  from  the  water  curves  chiefly  in 
three  respects :  (1)  though  the  graphs  both  for  the  non-energized 
and  energized  states  terminate  in  a  common  asymptote,  this 
is  not  the  green-blue-purple  corona,  but  the  white-yellow 
corona  lying  slightly  below  it ;  (2)  the  curves  as  a  whole  lie  with 
a  somewhat  larger  slope  in  a  region  of  much  lower  exhaustions 
(S/?);  (3)  the  number  of  nuclei  caught  in  alcohol  vapor  is  rela- 
tively very  large.  The  second  and  third  observations  have 
already  been  discussed.  The  first  deserves  especial  considera- 
tion. The  question  occui's  at  once  why  botli  the  energized 
and  the  non-energized  curves  should  be  limited  by  the  same  final 
corona,  irrespective  of  the  size  of  the  nuclei,  and  why  this 
should  be  lower  for  alcohol  than  for  water.  For  the  ionized 
state  one  might  infer  tliat  the  total  number  of  ions  has  been 
precipitated,  as  is  actually  the  case  at  low  ionization ;  but  if 
under  strong  ionization  this  were  true  for  alcohol  vapor,  it 
could  not  be  true  for  water  vapor,  where  the  number  of  ions 
caught  is  less  than  one-lialf  the  number  in  alcohol.  In  general 
it  is  improbable  that  the  terminal  corona  for  ions  should  in 
such  a  case  be  the  same  as  the  terminal  corona  for  colloidal 
nuclei. 

The  explanation  which  seems  plausible  to  me  is  this ;  each 
nucleus  must  drain  the  air  of  its  supersaturated  moisture 
within  a  certain  radius  large  as  compared  with  the  size  of  the 
nucleus  and  increasing  in  the  lapse  of  time. 

A  limit  of  the  phenomenon  will  be  reached  when  for  an 
indefinite  nimiber  of  graded  nuclei  the  enveloping  spheres  free 
from  supcrsatu ration  form  a  system  in  contact.  In  case  of 
water  vapor  the  distance  between  centers  would  be  '014:^°*; 
in  case  of  alcohol  •010*^'",  distances  which  are  both  enormous 
as  eouipared  with  the  estimated  size  of  nuclei  (r).  Table  I.  At 
all  events,  when  the  limiting  number  of  nuclei  has  been  cap- 
tured, the  apparatus  is  powerless  to  produce  condensation  on  a 
greater  number  of  nuclei,  be  they  relatively  large  as  the  ions 
or  small  Jis  the  colloidal  nuclei,  however  many  other  (inefficient) 
nuclei  may  be  present. 

Brown  University,  Providence,  R.  I. 
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Art.  XV^. — The  Russian  Carboniferous  and  Permian  com- 
pared with  those  of  India  aiut  America,  A  Review  and 
Discussion }  by  Charles  Schuchert. 

[Continued  from  p.  46.] 

Part  III.     The  Wokk  of  Diener. 

1.  The  PermocarhoniferouB  Fauna  of  Chitichun  No.  /.     Mem.  Geol.  Surv. 
India,  ser.  xv,  Himalayan  Fossils,  vol.  i,  pt.  3,  1897,  pp.  1-105,  pis.  i-xiii. 

2.  The  Permian  Fossiis  of  the  Produciun  Shales  of  Kumaon  and  Ourhwal. 
Ibid.,  pt.  4,  1897,  pp,  1-54,  pis.  i-v. 

3.  Permian  Fossils  of  the  Central  Himdlayas.     Ibid.,  pt.  5,  1903,  pp.  1- 
204,  pis.  i-x. 

In  the  central  Himalayas  at  the  limestone  crag  of  Chitichun 
No.  1,  at  an  elevation  of  17,700  feet,  Griesbach,  Middlemiss, 
and  Diener^  in  the  year  1892,  discovered  a  lot  of  fossils 
described  in  the  work  cited  above  (1).  The  stratigraphical  results 
of  this  collection  are  described  by  Diener  on  pp.  85-105,  from 
which  are  taken  the  following  extracts : — 

''  Karpinsky  and  Tschernyschew,  two  authors  to  whom  the 
most  detailed  studies  of  the  Artinskian  fauna  are  due,  strongly 
advocate  the  distinction  of  the  permocarboniferous  from  carbon- 
iferous and  permian  systems,  and  are  decidedly  averse  to  uniting 
it  with  either  the  one  or  the  other.  Tschernyschew  especially 
strongly  combats  the  view  of  the  majority  of  geologists  who 
proposed  to  unite  the  permocarboniferous  with  the  permian, 
as  a  lower  division  of  tlie  system.  According  to  him  a  separa- 
tion of  the  permocarboniferous  from  the  permian  system  is 
demanded  by  the  general  aspect  of  the  fauna,  in  which  the 
carboniferous  types  greatly  predominate,  chiefly  among  the 
brachiopods.  If  it  ought  to  l)e  united  either  with  the  carbon- 
iferous or  permian  system,  in  spite  of  its  distinctly  intermediate 
position,  it  must  necessarily  be  placed  in  the  former,  on  the 
strength  both  of  the  carboniferous  character  of  its  fauna  and 
of  historical  priority,  since  the  Artinskian  sandstone  had  been 
correlated  with  the  carboniferous  millstone-grit  of  Western 
Europe  by  Sir  Roderick  Murchison,  who  first  introduced  the 
name  permian. 

"  Against  the  first  argument   the  objection  may  be  raised 

that  notwithstanding  the  prevalence  of  carboniferous  types  in 

the   Artinskian   fauna,  the  latter   '  marks   a   very  important 

moment  in  the  history  of  development  of  organic  remains, 

namely,  the  first  appearance  of  true  ammonites  with  complicated 

sutures.'     Nor  is  the  large  percentage  of  carboniferous  types 

in  the  Artinskian  fauna  an  astonishing  fact,  in  view  of  the 

absence  of  any  break  in  the  sequence  of  marine  beds  from  the 

upper  carboniferous  to  the  true  permian  strata.     Even  in  beds, 

whicti  must  be  placed  very  high  in  the  permian  system,  in  the 

upper  Productus  limestones  of  the  Salt  Kange  and  in  the  Oto- 

AM.  Jour.  Sol— Fourth  Series,  Vol.  XXII,  No.  128.— August,  1906. 
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ceras  beds  of  Julfa,  the  fauna  contains  a  proportionately  large 
number  of  carboniferous  forms.  It  is  to  the  faunas  of  these 
deposits,  the  normal  representatives  of  the  pelagic  permian  [by 
this  the  author  means  a  normal  marine  fauna],  not  to  the  local 
fauna  of  the  Zechstein,  that  the  permocarboniferous  fauna 
must  be  compared,  if  we  want  to  get  a'  clear  idea  of  its  I'ela- 
tionship  to  those  of  the  upper  carboniferous  and  permian. 
Bearing  in  mind  the  gradual  passage  from  an  upper  carbon- 
iferous to  a  permian  fauna  through  the  intermediate  group  of 
rocks,  the  question  to  be  answered  is,  which  consideration  is 
of  the  greater  importance  in  defining  the  boundary  between 
the  two  systems,  the  appearance  of  a  new  group  of  cephalo 
pods,  which  become  oi  an  unparalleled  stratigraphical  value 
in  mesozoic  times,  or  the  presence  of  a  belated  fauna,  com- 
posed of  forms  which  are  generally  not  well  adapted  for  the 
chamcterization  of  narrowly  limited  horizons. 

"  The  majority  of  geologists  have  decided  in  favour  of  the 
first  alternative.  Giimbel,  Krassnopolssky,  Kayser,  Waagen, 
Credner,  Munier-Chalmas  and  A.  de  Lapparent,  Freeh — to 
enumerate  only  a  small  number  among  them, — are  unanimous 
in  regarding  the  permocarboniferous  as  the  lowest  division  of 
the  permian  system  "  (pp.  87-88). 

"  In  the  Mediterranean  region  three  different  rock  groups 
have  yielded  fossil  remains  of  this  pelagic  development  of  the 
permian  epoch.  These  rock  groups  are  the  Fusulina  lime- 
stones of  tlie  valley  of  Sosio  in  Sicily,  the  Bellerophon  lime- 
stone of  South-eastern  Tyrol  and  Friaul,  and  the  Otoceras  beds 
of  Julfa  in  Armenia.  All  of  them  are  of  a  rather  isolated 
occurrence  and,  as  far  as  one  may  judge  from  their  faunas,  of 
different  age. 

"The  lowest  position  is  apparently  held  by  the  Fosnlina 
limestone  of  Sicily.  Its  cephalopod  fauna  seems  to  be  more 
nearly  related  to  the  ArtinsKian  one  than  to  those  of  the  Jabi 
beds  of  the  Salt  Range  or  of  the  Otoceras  beds  of  Julfa. 
Ammonites  with  ceratitic  sutures  are  yet  absent*  According 
to  Karpinsky's  statement,  one  species  of  Medlicottia  is  identi- 
cal with  an  Artinskian  form ;  ten  more  species  are  very  nearly 
allied.  On  the  other  hand,  Karpinsky  and  Waagen  noticed 
the  first  appearance  of  Waagenoceras  and  Hyattoceras  in  Sic- 
ily, two  genera  which  show  a  much  more  complicated  sutural 
line  than  any  of  the  Artinskian  Ammonea.  Waagen  conse- 
quently places  the  Fusulina  limestone  of  Sicily  on  a  higher 
level  tlian  the  permo-carboniferous  stage,  but  on  slightly  lower 
level  than  the  Jabi  beds  of  the  upper  Productus  limestone.  .  .  . 

"The  Otoceras  beds  of  Julfa  with  their  strongly  marked 
triassic  affinities  must  certainly  be  higher  in  the  upper  palseo- 
zoic  series  than  the  Fusulina  limestone  at  Sosio.  They  cannot 
be  much  different  in  age  from  the  Otoceras  beds  of  the  Him- 
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alayas,  althoug^h  the  latter  certainly  hold  a  somewhat  higher 
sti-atigraphical  position,  and  they  may  consequently  be  placed 
on  a  level  with  the  upper  Productus  limestone  or  with  the 
Chidru  group  of  the  Salt  Ilange. 

"  The  youngest  of  the  three  rock  groups  is  probably  tlie  Bel- 
lerophon  limestone  of  South-eastern  Tyrol.  Its  fauna  is  a  very 
peculiar  one,  species  identical  with  those  known  outside  this 
rock  group  being  almost  completely  absent.  The  predomi- 
nance of  palseozoic  types  induced  Stache  to  lix  the  honiotaxis 
of  these  beds  as  upper  permian,  whereas  Giimbel  supposed 
them  to  be  of  lowest  triassic  age.  .  .  . 

"  In  none  of  these  three  permian  rock  groups  of  the  Med- 
iterranean region  is  a  normal  sequence  of  marine  beds  exposed, 
with  the  possible  exception  of  the  Bellerophon  limestone  of 
the  Carnian  Alps,  which,  however,  is  underlaid  by  an  enor- 
mous mass  of  unfossiliferous  limestones  and  dolomites.  Their 
correlation  must  consequently  be  based  on  palaeontological 
evidence  alone"  (pp.  90-91). 

Recently,  Scheilwien  and  Kossmat  (Monatsber.  No.  9, 
Deutsch.  Geol.  Gesellsch.,  1905,  pp.  357-9)  found  in  the 
Bellerophon  limestone  (usually  regarded  as  the  topmost  Per- 
mian of  the  Alps)  of  Krain,  west  of  the  Laibach  plain,  a 
fauna  consisting  in  the  main  of  brachiopods,  corals,  and  Fora- 
minifera.  As  yet  the  fossils  are  not  worked  out  of  the  matrix, 
but  the  following  species  are  determined:  Richtofenia  aflE. 
lawrenciana^  Prodxictus  vadicus^  P,  ahichi^  Marginifera 
ovalisj  and  Lonsdaleia  indica.  In  regard  to  these  fossils 
Scheilwien  concludes  as  follows  : — 

"  The  finding  of  this  fauna  dispels  all  doubt  as  to  the  Per- 
mian age  of  the  Bellerophon  limestone.  The  value  of  this 
discovery  in  fixing  the  time  position  of  this  limestone,  how- 
ever, is  overshadowed  by  the  greater  one, — that  of  fixing  the 
chronologic  position  of  the  Productus  limestone  [of  India], 
the  correlations  of  which,  as  is  known,  are  still  at  variance. 
The  fossil-bearing  beds  of  the  Bellerophon  limestone  are 
everywhere  in  close  association  with  the  lower  Werfen  beds 
[Triassic] :  in  southern  Tyrol  the  boundary  between  the  Wer- 
fen deposits  and  the  Bellerophon  limestone  is  ditficult  to  estab- 
lish. At  Krain  the  fossiliferous  zones  of  the  Bellerophon 
limestone  are  also  separated,  but  by  a  thin  dolomite  series  from 
the  Trias.  These  upper  dolomites  introduce  micaceous  layers 
and  gradually  pass  into  the  Werfen  slates,  with  their  well- 
known  bivalve  fauna.  The  Bellerophon  limestone,  therefore, 
can  represent  only  the  highest  zone  of  the  Permian,  and  for 
the  Productus  limestone  the  same  view  may  also  be  aflSirmed. 
Worthy  of  note  is  the  fact  that  of  this  fauna  of  the  Bellero- 
phon limestone,  it  is  also  not  only  those  of  the  higher  zones 
of  the  Indian  Productus  limestone  but  likewise  forms  of  the 
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lower  horizons.  Should  the  detailed  examination  show  that 
the  fossils  of  the  various  horizons  of  the  Productus  limestone 
are  also  found  associated  in  the  thin  fossiliferous  zone  of  the 
Bellerophon  limestone  of  Krain,  the  conclusion  will  be  una- 
voidable that  tlie  various  zones  of  the  Productns  limestone 
are  of  Upper  Permian  age." 

In  the  second  paper  cited  above,  treating  of  the  fauna  of  the 
Productus  shales,  Diener  states  the  followmg : — 

"  The  only  decisive  evidence  for  a  permian  age  of  the  Pro- 
ductus shales  is  however  based  on  their  stratigraphical  rela- 
)/  tions  to  the  triassic  beds  of  the  mesozoic  belt  of  the  Central 
Himalayas,  not  on  their  fossil  remains.  One  of  the  chief 
results  of  Griesbach's  geological  survey  of  the  Bhot  Mahals  of 
Kumaon  and  Gurhwal  is  the  proof  of  an  unconformity,  exist- 
ing at  the  base  of  the  Productus  shales,  which  locally  overlap 
successive  strata  of  carboniferous  age.  With  this  unconform- 
ity another  uninterrupted  sequence  begins,  with  conformable 
bedding  throughout,  which  ranges  from  the  Productus  shales 
to  the  topmost  l)eds  of  the  triassic  system.  So  intimate  is  the 
stratigraphical  connection  between  the  Productns  shales  and 
the  following  Otocei'as  beds  of  lowest  triassic  age,  that  a  sharp 
boundary  cannot  be  drawn  between  them"  (pp.  53-54). 

In  the  third  publication  above  cited,  Diener  reviews  his  for- 
mer work  on  the  fossils  of  Chitichun  No.  1,  owing  to  larger 
and  more  significant  collections  subsequently  made  by  Walker. 
These  collections  have  not  altered  Diener's  correlations  with 
the  Salt  Range,  but  they  have,  when  interpreted  in  the  light  of 
Noetling's  publications,  caused  him  to  depart  strongly  from 
the  nearly  unanimous  views  of  European  stratigraphers  and  to 
agree  in  the  main  with  the  intercontinental  correlation  of 
Noetling.  Great  weight  should  be  attached  to  the  correlation 
of  these  two  paleontologists,  for  they  have  collected  the  fossils 
of  the  Permian  in  India  and  studied  them  in  the  laboratory. 
Diener's  conclusions  are  as  follows: — 

*'  So  far  there  is  no  reason  for  any  change  in  my  correlation 
of  the  Chitichun  fauna  with  Indian  faunae  of  peimian  age,  as 
proposed  by  myself  in  1897.  I  am,  however,  bound  to  confess 
that  the  affinities  of  the  Chitichun  fauna  to  those  of  Europe 
have  not  been  correctly  interpreted,  and  that  my  examination 
of  Walker's  materials  is  apt  to  lead  in  this  respect  to  results 
remarkably  different  to  those  deduced  in  mv  iii'st  memoir. 

"In  that  memoir  [here  numbered  1]  the  conclusions  at 
which  I  arrived  with  regard  to  the  stratigraphical  position  of 
the  Chitichun  fauna  were  summed  up  as  follows: — 

"'The  Chitichun  limestone  is  approximately  homotaxial 
with  the  upper  division  of  the  middle  Productus  limestone 
(Virgal  and  Kalabagh  beds)  in  the  Salt  Ilange.  It  probably 
corresponds  in  age  to  the  permo-carboniferous  horizon  (Artin- 
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skian  stage)  in  Rnseia,  but  the  description  of  the  Braehiopoda 
from  the  Fusulina  limestone  of  Sicily  must  be  awaited  before 
it  is  possible  to  decide  whether  it  does  not  hold  a  slightly 
higher  position  in  the  stratigraphical  sequence  than  the  Artin- 
skian  deposits.' " 

"  This  mistake  of  correlation  is  the  legitimate  outcome  of  an 
erroneous  interpretation  of  the  stratigraphical  position  of  the 
Salt  Range  Productus  limestone.  The  supposition  '  that  the 
entire  Productus  limestone  forms  a  series,  which  cannot  be 
separated  from  the  carboniferous  system  and  that  the  Fusulina- 
bearing  Amb  beds  certainly  belong  to  the  latter,'  was  not  my 
fault.  I  followed  the  majority  of  European  palaeontologists 
in  this,  and  my  error  was  due  to  the  ignorance  of  the  leading 
palaeontologists  as  to  the  right  means  of  correlating  rock-equi- 
valents of  anthracolithic  age  in  Europe  and  in  India. 

"  Waagen  believed  the  Productus  limestone  to  be  permian,  %« 
but  to  represent  the  entire  permian  system.  He  consequently  |1 
correlated  the  lower  Productus  limestone  and  the  Katta  beds 
of  the  middle  Productus  limestone  with  the  Artinskian  stage 
of  Kussia,  considering  them  as  per  mo-carboniferous.  The 
palseontological  investigations  of  Nikitin,  Freeh  and  Tscherny- 
schew  raised  doubt  as  to  the  validity  of  this  correlation.  The 
affinity  of  the  fauna  of  the  lower  Productus  limestone  to  those 
of  the  upper  carboniferous  rocks  of  Russia  and  the  Ural  Moun- 
tains ana  of  the  Camian  Fusulina  limestone  of  the  Eastern  Alps 
induced  Rothpletz  (Palaeontographica,  vol.  xxxix,  p.  63), 
Freeh  (Die  Karnischen  Alpen,  p.  372),  Oldham  (Manual  of 
the  Geology  of  India,  2nd  edn.,  p.  125),  and  Suess  (Denkschr. 
kais.  Akad.  d.  Wissensch.  Wien,  math.  nat.  CI.,  vol.  lxi,  p.  439) 
to  correlate  the  lower  Productus  limestone  with  the  upper  car- 
boniferous rather  than  with  permo-carboniferous  beds.  In 
the  meantime  Tschernyschew  called  attention  to  the  strongly 
marked  affinities  of  the  faunae  of  the  middle  Productus  lime- 
stone and  the  Artinskian  stage.  On  palaeontological  grounds 
he  tried  to  prove  that  the  entire  middle  Productus  limestone 
ought  to  be  synchronised  with  fhe  Artinskian  strata  of  Russia. 

''  In  admitting  this  homotaxis  I  merely  followed  the  almost 
unanimous  judgment  of  European  geoloffists.  The  equiva- 
lence of  the  Chitichun  limestone  to  the  Virgal  and  Kalabagh 
beds  in  the  Salt  Range  having  been  clearly  demonstrated,  the 
necessity  of  correlating  it  with  the  Artinskian  stage  of  Russia 
was  obvious. 

"  I  have  been  convinced  of  the  incorrectness  of  this  correla- 
tion both  by  the  recent  reports  of  Dr.  Noetling  on  the  classi- 
fication of  the  Productus  limestone  and  of  the  Ceratite  forma- 
tion in  tlie  Salt  Range,  and  by  my  own  examination  of  the 
fossil  materials  collected  by  Walker  "  (pp.  53-54). 

"  I  do  not,  however,  believe  that  the  Chitichun  limestone 
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gliould  be  placed  on  a  level  with  the  Fnsalina  limestone  of 
Sieilv.  So  far  as  it  is  possible  to  judge  from  its  Cephalopoda, 
the  Chitichnn  fauna  appears  to  be  geologically  Tounger. 
Ammonites  with  ceratitic  sntores  such  as  Xenaspis  carho- 
naria^  or  with  complicated  sutures,  such  as  Cydolobus  Walkeri^ 
speak  clearly  in  favour  of  a  homotaxis  of  the  Chitichnn  lime- 
stone with  true  upper  permian  strata  of  Europe'^  (p.  57 L 

"  The  evidence  afforded  bv  the  two  species  of  ammonites 
which  were  collected  bv  Walker,  together  with  Xoetling's 
discoverj-  of  the  true  horizon  of  Xenoj^pis  carbanaria  in  the 
Productus  limestone  of  the  Salt  Range,  is  sufficiently  strong 
to  affect  my  view  as  to  the  correlation  of  the  Chitichnn  lime- 
stone with  permian  beds  of  other  countries,  and  obliges  me  to 
consider  the  latter  as  about  homotaxial  with  the  permian  rocks 
of  Timor  and  as  slightly  younger  than  the  Sosio  limestone  of 
Sicily.  I  am  therefore  compelled  to  admit  the  correctness  of 
Noetling's  statement  that  there  is  at  present  no  proof  of  the 
existence  of  a  fauna  of  Artinskian  age  in  the  Himalayas  '^  (p. 
58). 

biener  then  takes  up  the  "  Correlation  of  the  Anthracolithic 
System  in  Spiti  with  the  Carboniferous  and  Permian  Systems 
in  Europe  and  India." 

''  Wherever  in  Spiti  a  complete  series  of  the  anthracolithic 
system  is  developed  and  well  exposed,  two  groups  can  be  recc^- 
nised  and  distinguished,  as  has  been  stated  by  Hayden.  Both 
groups  are  separated  by  a  great  unconformity^  and  differ 
remarkably  in  their  faunistic  character  and  in  their  lithological 
features. 

"  The  group  above  the  great  unconformity,  which  corre- 
sponds to  the  Productus  shales  of  the  Niti  area,  is  much  better 
known  than  the  lower  division,  because  richer  collections  of 
fossils  have  l>een  examined  "  (p.  193). 

"  The  fossils  to  which  the  greatest  stratigrapliical  importance 
must  be  attributed  are  the  ammonites  of  the  two  genera  Cyclo- 
lobus  and  Xenaspis.  The  presence  of  a  species  which  is  most 
nearly  allied  if  not  actually  identical  with  Vyclolobus  Oldhatni^ 
Waag.,  and  the  frequent  occurrence  of  representatives  of  the 
genus  Cfjclolobus^  speak  very  strongly  in  favour  of  a  correla- 
tion witn  the  upper  Productus  limestone  of  the  Salt  Kange. 
In  the  Salt  Range  Xenaspin  cavbonaria  is,  according  to  Noet- 
ling,  restricted  to  one  single  horizon  only,  namely,  to  the  top 
beds  of  the  middle  Productus  limestone  "  (p.  195). 

"  As  faunistic  elements  of  special  interest  in  the  Kuling 
shales  of  Spiti,  Grypoceras  sp.  ind.,  Myophoriopis  Kraffti 
and  Spirifjera  of.  protea  var.  alata  may  be  quoted.  The  lirst 
and  second  are  remarkable  for  their  decidedly  triassic  affinities, 
the  third  belongs  to  a  group  of  forms  which  has  hitherto  been 
recorded  only  from  the  permian  rocks  of  Djulfa  "  (p.  196). 
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"  Our  knowledge  is  iimch  more  scanty  with  regard  to  the 
lower  series  of  the  anthracolitliic  system  in  Spiti,  which  is 
situated  below  the  great  unconformity. 

"  According  to  Hayden,  the  total  thickness  of  this  series  is 
not  less  than  5,000  feet  in  the  section  above  Lio  on  the  J^ipak 
river,  where  the  sequence  of  the  beds  is  most  complete.  Two 
fossiliferous  horizons  only  have  been  discovered  in  this  mighty 
seauence  "  (p.  198). 

The  fossils  of  the  "  upper  horizon,"  or  the  Fenestella  beds, 
are  not  stratigraphically  significant,  and  the  little  there, 
considered  in  connection  with  the  fauna  of  the  lower  beds,  is 
rather  in  favor  of  regarding  it  as  of  Lower  Carboniferous  age. 

In  the  lower  flaggy  limestone  horizon  (8a  of  Griesbach)  the 
fossils  are  "  unfortunatelv,  scarce,  generally  ill  preserved,  and 
of  a  rather  indifferent  character."  Diener  thinks  the  age  of 
the  fossils  is  "  more  in  favor  of  an  upper  carboniferous  age," 
but  his  evidence  is  completely  shattered  in  the  appendix  to 
his  work,  in  a  "  Note  on  opirifer  Curzoni^  Diener.  fey  H.  H. 
Hayden,  Geological  Survey  of  India."  This  author  shows  in 
the  most  convincing  manner  that  the  original  generic  identifi- 
cation of  Diener  was  correct  and  that  the  species  is  to  be  called 
Syrinaothyris  curzoni.  A  careful  examination  of  Mr.  Hayden's 
note,  his  illustrations,  and  those  of  Diener,  will  convince  any 
American  student  of  the  Brachiopoda  that  the  form  in  its 
general  expression  and  size  is  to  be  compared  with  American 
forms  low  down  in  the  Lower  Carboniferous  series.  In  further 
support  of  this  lower  Lower  Carboniferous  suggestion  may  be 
cited  Spirifer  cf.  strangwayai  comparable  to  American  S. 
J^orbesL 

Therefore  it  would  seem  that  the  entire  5,000  feet  of  material 
beneath  the  great  unconformity  may  be  Lower  Carboniferous. 
The  lower  portion  is  certainly  so  and  apparently  nearly  basal 
Lower  Carboniferous. 

Part  IV.     The  Wo^k  op  Girty  in  the  Trans-Pecos  Region 

OF  Texas. 

1.  ITie  Upper  Permian  in  Western  Texas.  By  George  H.  Girty.  This 
Jonrnal,  Nov.,  1902,  pp.  363-368. 

2.  Report  of  a  Reconnaissance  in  Trans-Pecos  Texas.  By  G.  B  Richardson. 
Univ.  Texas  Mineral  Surv.,  Bull.  9,  1904,  pp.  32-45.  Fossils  determined  by 
G.  H.  Girty. 

3.  The  Relations  of  some  Carboniferous  Faunae.  By  George  H.  Girty. 
Proc.  Washington  Acad.  Sci.,  vii,  1905,  pp.  1-25. 

The  work  of  this  paleontologist  on  the  Carboniferous  and 
Permian  of  southwestern  Texas  is  best  summarized  in  tabular 
form,  the  data  being  taken  from  his  three  papers  on  the  subject. 

Beginning  with  tlie  highest  beds,  the  facts  are  as  follows  :- 
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Cfijntan  Ltmestohe. 

Above  the  Guadalupian  or  Capitan  limestone  there  seemingly 
follows  an  unconfonnity  of  considerable  extent.  Then  follow 
beds  of  gypsum,  a  white  magnesian  limestone,  and  a  sandstone 
the  age  of  which  is  unknown  but  apparently  is  best  referred  to 
the  Triassic. 

A  massive  white  limestone.     At  least  1800  feet  thick.     Top 

not  seen. 
From  the  middle  of  this  limestone  comes  a  fanna,  nearly  all 

of  which  is  new. 

I^usulina  elongata^  Acanthocladia^  Goniocladia^  Gi^y- 
erella^  Orthothetiiia^  ProductuB  popei^  P.  mexicanxis. 
Spin  if er  mexicanvji,  Sqtuimidana  (?)  guadalupengis, 
t^pinferina  hiUitigsI^  Ilnstedia  meekana^  Pngnax  swal- 
lowinna^  RhifnchoneVu  (?)  indentata^  Leptodus  (^ 
Lytionia)^  Richthofenia  penniana^  Myoconcka^  etc. 

Delaware  Mountain  Formation, 

Essentially  sandstone  and  limestone.  Maxinmm  thickness 
about  2300  feet. 

At  the  base,  in  black  limestone,  occur:  Enteletes^  MeekeUa^ 
Hueiedia  ineelcana^  Pxignax^  Richihofenia  permiana^ 
Foordiceras^  and  other  ammonoids. 

Higher  up  in  the  sandstone  occur:  Fiisulina  elongata^  Pro- 
ductus  cf.  svhhon'ldns^  Leptodus  (=LytioniaJ,  Richiho- 
fenia penniana^  Laevidentalluvi  canna^  etc. 

In  the  limestone  occur :  Fusvlina  eloiigata^  Bryozoa  of  Meso- 
zoic  type,  Chonetes pevmianus^  Iliistedia  meeJcana^  Rhyn- 
chonella  hisulcata^  Leptodus  (^Lyttonia)^  Richihofenia 
permiana^  and  ammonites. 

Hueconian  or  Fennsylvanian. 

Mainly  massive  limestone  with  local  shales  and  sandstones. 
Maximum  thickness  at  least  5000  feet,  more  than  2000 
feet  of  wiiich  are  limestone. 

Near  the  base  occur :  Triticites^  J^rodv^tus  cora.  Mar- 
ginifera  cf.  icahashensis^  Reticul^ria  perplexa^^  Spirrfer 
rockyinontanus^  etc. 

Near  the  top  occur  (those  marked  "1"  are  Ural  and  "2" 
Indian  types ) :  Fusulina^  Ent^letes  cf.  /ie?niplicaius,  1 
Productus  cf.  inflatns^  1  P,  cf.  pustulatics,  1  /\  cf.  Ion- 
gus,  1  P.  cf.  irgijue,  Marginifera  cf.  wabashensiSj  1,  2 
Spirifer  cf.  marmui^  Sem inula  mexicana^  1  Camaropho- 
ria  cf.  viuiahUis^  1,  2  6\  cf.  crumena^  2  Dielasma  cf. 
truncal um^  1  Omphalotrochus  ohtusispira. 
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Regarding  these  formations  and  their  correlation,  Girty 
writes  :- 

"The  Carboniferous  faunas  of  the  Trans-Peeos  region,  espe- 
cially the  upper  ones,  differ  widely  from  those  of  the  Central 
and  Eastern  States.  The  fauna  of  the  Hueco  formation,  how- 
ever, is  found  with  some  modifications  over  most  of  the  area 
west  of  the  Rocky  Mountains;  but  the  remarkable  group  of 
fossils  occurring  in  the  Capitan  limestone  is  only  known  in  the 
Guadalupe  Mountains.  The  fauna  of  the  Capitan  limestone 
differs  to  a  marked  degree  from  that  of  the  Hueco  formation, 
and  was  assigned  to  the  Permian  epoch  both  by  Shumard,  its 
original  discoverer,  and  by  Girty.  The  fact  that  the  faunas  of 
the  Hueco  formation  in  some  respects  strikingly  resemble  those 
of  the  Spirifer  marcoui  zone,  the  OmphaXotrochus  whitneyi 
zone,  the  Productus  cora  zone  and  the  Schwagerina  zone  of 
the  Carboniferous  section  of  eastern  Russia,  which  immediately 
underlie  the  typical  Permian,  seems  to  support  the  views  of 
these  authors.  On  the  other  hand,  there  are  some  matters  of 
difference  between  the  Russian  faunas  and  those  of  tlie  Hueco 
formation,  part  of  which  are  points  of  agreement  with  the  Capi- 
tan fauna.  Thus,  the  Russian  faunas,  even  the  highest  (that 
of  the  Schwagerina  zone),  seem,  aside  from  containing  aspects 
not  found  in  either,  to  combine  features  of  both  the  Hueconian 
and  the  Capitan  faunas,  features,  moreover,  which  these  for- 
mations do  not  possess  in  common. 

"  The  American  beds  can  hardly  be  looked  on  as  being  a 
mere  expansion  of  the  Russian  series,  since  the  Hueco,  Dela- 
ware Mountain  and  Capitan  formations  combined  have  a  thick- 
ness much  exceednig  5000  feet,  while  the  four  zones  recognized 
by  Tschernyschew  are  considerably  less  than  1000  feet  thick.  In 
view,  therefore,  of  the  preponderating  resemblance  shown  in 
tlie  Hueco  faunas  and  tlie  differences  in  that  of  the  Capitan 
limestone,  the  latter  is  retained  under  the  title  of  Permian, 
and  with  it,  provisionally,  the  Delaware  Mountain  formation  " 
(2,  pp.  42-43). 

The  latest  paper  by  this  same  author  makes  the  following 
important  statement  regarding  the  Permian  question,  ana 
gives  his  views  concerning  the  equivalence  of  the  formations 
in  the  various  American  regions  :- 

"  The  opinion  has  been  expressed  that  jthe  Pennsylvanian 
faunas  of  eastern  and  western  United  States  may  belong  in 
different  provinces,  and  that  they  are  probably  to  some  extent 
equivalent.  The  belief  is  tentatively  held  that  the  highest  of 
our  Western  horizons  are  considerably  younger  than  the  high- 
est known  invertebrate  horizons  of  the  East,  those  of  the  Kan- 
sas section,  for  instance,  which  are  characteristic  of  the  so-called 
Permian  of  the  Mississippi  Valley.     In  spite  of  the  able  pen 
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which  have  traversed  this  subject,  tlie  correlation  of  these  beds 
is  Htill  one  of  the  unsettled  problems  of  the  American  Carbo- 
niferous. If  the  Capitan  fauna  is  Permian,  then  certainly  that 
of  Kansas  is  not,  for  2  Carboniferous  faunas  could  scarcely 
have  less  in  common.  While  it  is  possible  that  the  so-called 
Kansas  Permian  is  a  provincial  phase  of  the  Guadalupian,  this 
is  yet  to  be  demonstrated,  and  it  is  questionable  whether  for 
2  Kaunas  so  essentially  unlike,  even  if  proved  to  have  been  con- 
temporaneous, the  same  name  could  with  propriety  be  used. 
On  the  assumption  that  the  Kansas  beds  are  Permian,  so  closely 
are  they  connected,  faunally  and  stratigraphically,  with  those 
below,  the  term  Permian  must  be  reouced  to  aenominate  a 
difference  not  much  greater  than  that  between  the  Burlington 
and  Keokuk,  or  else  most  of  the  Kansas  section  must  be  placed 
in  the  Permian,  a  disposition  against  which  there  is  much 
evidence.  It  seems  probable  that  the  Kansas  Permian  repre- 
sents a  faunal  development  in  a  distinct  province  from  that  of 
the  West,  the  Western  faunas  being  co-provincial  with  the 
typical  Permian  sea.  The  equivalence  of  the  Kansas  Permian 
is  not  to  be  determined  upon  the  basis  of  a  community  of  a 
few  slightly  differentiated  long-lived  types,  but  must  be  worked 
out  by  a  consideration  of  the  fauna  as  a  whole  and  the  facies 
which  it  receives  from  the  presence  of  equivalent  but  probably 
not  equal  species. 

"  The  Guadalupian  faunas  are  not  only  widely  different  from 
those  of  Pennsylvanian  age  in  the  Mississippi  Valley,  but  they 
appear  to  have  a  distinctly  younger  facies,  biologically  con- 
sidered. So  far  as  the  significance  of  the  somewhat  hastily 
reviewed  evidence  has  been  grasped,  it  seems  to  assign  the 
Kansas  faunas  to  about  the  horizon  of  the  Hueco  formation, 
placing  the  entire  Guadalupian  series,  or  at  all  events  the  Capi- 
tan, as  a  younger  evolution,  whether  the  2  faunas  were  devel- 
oped in  distinct  provinces  or  in  the  same  "  (3,  pp.  25-26). 

The  late  Paleozoic  formations  have  great  development  in 
Alaska,  but  as  yet  the  faunas  have  only  been  partially  studied. 
Schuchert's  (Prof.  Paper  41,  U.  S.  Geol.  Survey,  1905,  pp. 
42-45)  conclusions  regarding  these  fossils  are  as  follows  : — 

"  In  looking  over  the  collection  listed  in  the  large  table  not 
submitted  in  this  report,  the  first  impression  made  is  its 
strangeness  when  compared  with  other  American  late  Paleo- 
zoic faunas,  excepting  that  of  northern  California  as  yet 
unpublished.  Xearly  every  species  is  new,  certainly  new  for 
North  America  so  far  as  the  published  record  goes.  The 
developmental  aspect  is  clearly  late  Paleozoic,  and  yet  there 
is  not  present  a  single  diagnostic  upper  Carboniferous  or  Per- 
mian species  of  the  Mississippi  Valley.  Further,  we  miss  of 
the   brachiopods   of    the    last-named    basin    the   ever-present 
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RhipidomeUa^  Enteletes^  Derby a^  Meekella^  Seminula,  and 
Hustedia,  On  the  other  hand,  tliis  arctic  fauna  predominates 
in  Producius  and  SpiHfer,  Of  the  former  genus  the  species 
are  nearly  all  strangers  to  American  paleontologists,  since  the 
bilobed  or  deeply  sinused  and  the  abundantly  spinose  forms 
are  the  common  ones.  The  Spirifers  also  are  strange  in  that 
hardly  any  have  the  plications  strongly  bundled  as  in  S,  cam- 
ef*atics^  while  such  little  known  groups  as  that  represented  by 
S.  arcticus  and  S,  supramosquensis  (also  recalling  S,  neglectus 
of  the  Lower  Carboniferous)  predominate. 

"  Ten  or  more  species  of  Bryozoa  are  present,  of  Fenestella^ 
Pinnatopora^  Goniocladia^  and  Rhomhopora.  None,  how- 
ever, can  be  specifically  identified  and  those  of  the  geuns 
Rhombopora  are  of  a  type — stout  branches  from  i  to  |  inch 
in  diameter— unknown  in  the  Mississippi  basin.  This  is  also 
true  of  Goniocladia.  Pelecypoda  are  all  small  and  rare  (5 
species),  and  the  Ghisteropoda  (3  species,  4  specimens)  almost 
absent.  Not  a  trace  of  a  cephalopod  is  present,  and  this  is  all 
the  more  strange  since  the  Indian  Permian  has  14  forms  of 
nautiloids  and  7  of  ammonoids.  Nor  is  there  a  trace  of  a 
trilobite,  while  the  corals  are  represented  by  one  or  two  species 
of  cyathophylloids. 

"The  work  of  the  United  States  Geological  Survey  in  Cali- 
fornia and  Alaska  is  establishing  two  facts  of  great  value  in 
general  geology,  namely,  that  on  the  west  coast  of  North 
America  there  is  (1)  a  great  thickness  and  grand  sequence  of 
Carboniferous  and  Permian  strata  [between  6000-7000  feet  of 
Permian  in  Copper  River  region  of  Alaska]  ;  (2)  that  these 
have  faunae  of  tne  Pacific  type  and  not  of  that  of  the  Missis- 
sippi basin  • '  (p.  44). 

"Conclusions. 

As  the  great  Russian  geologist  has  stated  in  his  introduction 
that  he  will  be  the  first  to  greet  friendly  criticism  "  with  pleas- 
ure,''  the  present  reviewer  takes  the  opportunity  of  concluding 
this  long  review  with  the  following  friendly  remarks  : — 

1.  The  foregoing  review  of  the  recent  work  of  four  excel- 
lent investigators  in  the  correlation  of  Carboniferous  and  Per- 
mian strata  and  faunas  shows  clearly  that  a  final  interpretation 
of  the  sequence  of  events  closing  the  Paleozoic  is  still  far  from 
attainment.  Further,  that  while  harmony  exists  regarding  the 
basal  zone  of  the  Carboniferous  (Upper  Carboniferous  of  most 
writers),  there  is  as  yet  no  agreement  as  to  the  upper  limits  of 
this  system  of  rocks  and  hardly  any  concerning  the  delimita- 
tion and  sequence  of  the  Permian.  As  has  been  seen,  tliere  is 
little  or  no  difference  of  opinion  in  regard  to  the  sequence  of 
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events  in  a  given  area ;  but  when  it  comes  to  correlating  these 
local  sections  with  those  of  other  continents,  there  is  great 
diversity  of  interpretation  relative  to  the  values  to  be  placed  on 
the  varying  faunas.  This  lack  of  harmony  is  primarily  due  to 
the  absence  of  a  continuous  faunal  sequence  in  any  one  region. 
Further,  some  paleontologists  draw  their  species  nnely,  others 
broadly ;  and  as  all  the  Carboniferous  faunas  have  a  general 
facies  in  common,  far  more  decided  than  that  of  anv  other 
Paleozoic  system,  and  finally,  as  many  of  the  groups  of  brachio- 
pods,  the  prevailing  fossils  of  the  Carboniferous  and  Permian, 
have  lost  tneir  power  for  rapid  or  marked  progressive  evolution, 
with  a  decided  tendency  toward  degeneracy,  the  possibility 
for  wide  differences  of  opinion  regardmg  sequential  change  in 
faunas  is  apparent.  Then,  too,  the  centers  of  radial  dispersion 
of  the  faunas  have  not  yet  been  determined,  so  that  no  reliable 
means  exists  for  ascertaining  the  diflferences  in  age  of  the  same 
or  closely  related  faunas  between  widely  separated  areas.  How- 
ever, as  the  Carboniferous  is  nearly  everywhere  characterized 
by  an  abundance  of  fossils,  and  as  there  is  already  an  extensive 
literature  on  the  subject,  a  iinal  interpretation  of  the  sequence 
of  events,  that  will  carry  conviction  to  all  workers,  may  very 
soon  be  looked  for. 

2.  To  the  present  writer,  it  is  clear  that  the  Permian  fauna 
of  the  [Jrals  and  Timan  is  not  the  normal  marine  one  perpetu- 
ating the  Paleozoic  sequence  in  the  Mesozoic.  (The  same  is 
true  for  Germany  and  England.)  Of  brachiopods  are  missing 
here  the  plicate  and  other  types  of  terebratuloids  other  than 
Dielasma  and  everything  from  which  the  rhynchonelloids  can 
be  developed,  spire-bearing  forms  and  the  strophomenoids  of 
the  type  of  the  Lyttoniidae.  The  same  is  largely  true  for  the 
other  classes  of  organisms ;  in  fact,  one  can  better  trace  the 
Triassic  faunas  of  the  Alps  through  the  Ural  and  Timan  faunas 
of  a  lower  horizon,  i.  e.,  those  of  the  Schwagerina  zone.  These 
facts  are  admitted  by  Tschernyschew,  but  it  seems  to  the  re- 
viewer that  he  fails  to  give  proper  weight  to  the  probability 
which  one  almost  wishes  to  state  with  certainty,  that  somewhere 
the  Schwagerina  fauna  or  one  closely  related  to  it  continued 
to  maintain  itself,  and,  further,  that  in  some  region  far  away 
from  the  Urals  and  Timan  it  will  necessarily  hold  a  higher 
tratigraphic  position,  although  somewhat  changed  in  faunal 
facies.  This  center  of  dispersion  was  seemingly  the  Mediter- 
ranean region  ;  in  fact,  it  is  the  belief  of  the  reviewer,  derived 
from  a  knowledge  of  the  Permian  of  Sicily  and  Austria,  that 
this  great  body  of  water,  Thetys,  was  the  home  of  the  normal 
marine  ^>arboniferous  and  Permian  faunas  of  Europe  and 
Asia.  From  Thetys,  the  faunas  spread  to  the  north  into  the 
epicontinental  seas  of  Germany  and  European  Russia,  but  in 
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these  waters,  during  Permian  time,  conditions  were  not  favor- 
able for  the  continuance  of  a  normal  marine  life,  and  finally 
these  faunas  die  out  here  in  the  gypsum  and  copper-depositing 
seas.  To  the  south  in  a  meditermnean,  the  faunas  maintain 
themselves  in  a  healthy  and  prolific  condition,  spread  eastward 
across  Asia  and  probably  westward  as  far  as  El  Paso,  Texas ; 
while  other  migrations  seemingly  of  a  somewhat  different 
facies,  but  having  more  of  the  Himalayan-Arctic  impress,  are 
met  with  along  the  Pacific  coasts  from  California  far  north 
into  Arctic  western  America.  Under  these  circumstances, 
it  should  not  be  expected  that  the  Schwagerina  zone  of  the 
Urals  will  hold  a  horizon  in  India  or  America  similar  to  that 
in  the  Urals  and  Timan. 

3.  The  question — Is  there  a  Permian  system  or  only  a  Per- 
mian formation? — is  far  from  answered.  In  the  area  typical 
for  the  rocks  under  consideration,  the  Perm  Province  in  the 
Urals  of  Russia,  the  normal  marine  Carboniferous  fauna  passes 
into  Permian  deposits  of  an  abnormal  marine  character  and 
finally  into  red  gypsiferous  shales  devoid  of  life.  Under  such 
an  enviroment,  an  abundance  of  life,  with  progressive  or  nor- 
mal evolution,  is  excluded  and,  as  a  rule,  there  remains  only 
the  widely  distributed  species,  and  too  often  merely  character- 
less forms  are  present,  which  do  not  permit  safe  deductions  to 
be  made  in  determining  the  chronology  of  a  Permian  system. 
At  present,  there  is  no  acceptable  sequence  of  faunal  events 
for  intercontinental  correlation  in  the  typical  area  and  as  far 
as  can  now  be  seen  there  will  certainly  be  none  for  the  closing 
events.  The  German  Permian  faunas  are  better  known,  but 
as  they  are  clearly  only  a  part  of  a  great  sequence  and  as  the 
lower  and  upper  stratigraphic  members  of  this  region  are  either 
devoid  of  fossils  or  have  no  normal  marine  succession,  positive 
proof  as  to  the  entire  sequence  of  events  in  a  Permian  system 
can  not  be  looked  for  in  this  country.  In  England,  the  con- 
ditions seem  to  be  those  of  Germany.  In  the  Salt  Range  of 
India,  either  toward  the  close  of  the  Carboniferous  or  early 
in  the  Permian,  a  great  glacial  period  was  in  progress,  so  that 
in  this  region  there  are  no  normal  marine  beds  in  the  lower 
part  of  the  section  ;  hence,  no  possible  biological  base  for  the 
system  is  yet  apparent.  On  the  other  hand,  in  the  central 
Himalayas  above  a  vast  series  of  Lower  Carboniferous  strata 
(5,000  feet  thick),  there  is  a  marked  unconformity  above  wliich 
occurs  Permian  sediments,  parts  of  which  are  positively  cor- 
related with  the  uppermost  group — the  Chideru — of  the  Salt 
Range.  These  strata  then  continue  without  apparent  break  in 
sedimentation  into  the  Ceratitee  beds  of  the  Triassic.  This 
time  hiatus — a  land  interv^al  with  erosion — is  probably  equivalent 
not  only  to  all  the  Upper  Carboniferous  but  possibly  also  to 
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a  part  of  the  Productus-limestone  of  India.  This  great  uncon- 
formity will  be  of  much  value  in  the  final  interpretation  as  to 
the  proper  position  in  the  time  scale  of  the  entire  Productus- 
limestone  and  as  well  the  date  for  the  period  of  glaciatiou  in 
the  late  Paleozoic  of  India. 

In  America,  however,  in  southwestern  Texas,  there  is  an  un- 
broken section  of  more  than  9000  feet  in  thickness,  having 
more  than  4000  feet  of  limestone,  with  normal  marine  faunas 
at  various  levels.  As  has  been  evident  from  the  statements  of 
C4irty,  this  section  has  Carboniferous  faunas  of  the  Euro- Asiatic 
type,  which  are  directly  comparable  with  the  Spirifer  marcoui^ 
Omphalotrochus  whitneyu  Producius  cora^  and  the  Schwa- 
gerina  zones  of  Tschernyschew.  These  Carboniferous  faunas 
are  in  the  lower  portion  of  the  section,  above  which,  in  the 
Capitan  limestone,  are  faunas  comparable  with  those  of  the 
Productus-limestone  of  India  {i.e.  faunas  having  Goniocladia^ 
Richihofenia^  LytUmia  (^Leptodus)  etc.), — ^faunas  that  for 
some  years  have  been  regarded  by  several  of  the  leading  stratig- 
raphers  as  the  normal  marine  record  toward  the  close  of  the 
Paleozoic.  It  is  to  be  hoped  that  the  U.  S.  Geological  Survey 
will  soon  enable  Dr.  Girty  to  complete  his  studies,  ooth  stratig- 
raphic  and  faunal,  regarding  this,  the  most  complete  Car- 
boniferous and  Permian  section  known  to  stratigrapners. 

4.  The  question  as  to  what  name  the  closing  Paleozoic  sys- 
tem shall  bear  can  not  as  yet  be  answered.  If  the  rocks  of  the 
Permian  area  of  Kussia  should  fall  into  the  Carboniferous,  the 
way  will  open  for  another  term  for  the  closing  system.  From 
the  accumulated  evidence,  there  appears  to  be  need  of  such  a 
system  in  the  classification.  However,  should  the  Permian 
rocks  of  Russia  form  but  a  member  of  a  "  Permian  system  " 
(the  trend  of  evidence  is  in  this  direction),  there  would  then  be 
a  choice  between  the  Permian  of  Russia,  the  Dyas  of  Geinitz, 
the  Guadalupian  of  Girty  (Oklahomian  of  Keyes  is  rather  a 
formation  than  a  time  term),  and  possibly  other  terms. 

As  workers  in  many  countries  are  coming  more  and  more  to 
adopt  a  classification  expressing  the  local  physical  and  faunal 
events,  the  time  does  not  seem  far  away  when  the  matter  of  an 
all-embracing  or  world  chronogenesis  will  have  to  be  taken 
up  by  the  International  Geological  Congress.  Whatever  the 
criterion  for  such  a  terminology,  indicating  the  grander  events 
in  the  world's  chronogenesis,  may  be,  it  certainly  can  not  be 
the  one  now  in  use,  i.e.^  the  local  events  of  a  given  area,  the 
first  to  propose  a  term  or  terms  however  badly  understood. 
A  new  set  of  system  terms  for  general  application  suggested 
by  an  organization  like  the  International  Geological  Congress 
would  at  once  bring  into  use,  for  local  areas,  such  despised 
terms  as  Taconic  and  Cambrian,  and   thus  furnish  relief  from 
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the  ever-recurrinff  disputes  concerning  Lower  Silurian,  Cam- 
brian, Cambro-Silurian,  Ordovician,  or  Ciiamplain. 

5.  Tschernyschew  lays  ^reat  stress  upon  the  occurrence  of 
a  form  of  the  brachiopod  family  Lyttoniidse  in  the  Scliwagerina 
horizon  of  the  Urals.  Certainly  it  has  great  faunal  value,  but 
the  acumen  of  Tschernyschew  also  led  him  to  note  the  fact 
that  it  is  not  of  the  Indian  genus  Lyttonia  ( =^ Lepiodus ) . 
To  it  he  gave  the  generic  name  Keyserlingina^  and  the  few 
involutions  of  the  brachia  indicate  that  it  has  not  yet  progressed 
to  that  degree  of  specialization  shown  in  the  brachia  of  the 
Indian  genus  Lyttonia,  In  other  words,  Keyserlingina  holds 
a  lower  stratigraphic  horizon  than  Lyttonia.  In  the  Austrian 
Alps,  another  primitive  form  of  the  Lyttoniidse  is  found,  but 
here  the  brachial  folds  are  not  laterally  directed  as  in  the  other 
forms,  but  anteriorly.  Hence,  it  is  not  in  the  direct  line  of 
evolution  with  the  Indian  genus,  which  has  also  been  discovered 
in  Nevada  «nd  at  El  Paso,  Texas  (Di*.  Girty  states  that  he 
also  has  it  from  the  Robinson  beds  of  California).  The  reviewer 
therefore  believes  that  while  Keyserlingind  unmistakably  indi- 
cates that  the  Schwagerina  fauna  is  of  the  Asiatic  type,  it  is 
less  highly  specialized  than  Lyttonia^  and  consequently  holds 
a  lower  geological  horizon. 

6.  In  regard  to  Tschernyschew's  conclusion  that  the  Russian 
Permian  brachiopods  show  "  atavistic  trends,"'  the  writer  does 
not  think  it  is  borne  out  by  the  facts.  A  list  of  the  species  is 
given  on  page  31.  All  of  the  forms  occur  below  either  in  the 
Artinsk  or  tne  Upper  Carboniferous.  In  fact  all  are  persisting 
or  long-lived  species  and  are  therefore  not  atavistic  in  any 

fbylogenetic  sense.  The  brachiopod  fauna  of  the  typical 
^ermian,  however,  may  be  said  to  be  atavistic  in  aspect 
because  all  of  the  progressive  forms  of  the  Artinsk  have  failed 
to  continne  into  this  formation. 

7.  The  reviewer,  from  his  knowledge  of  the  late  Paleozoic 
brachiopods,  is  confident  that  this  class  of  fossils  can  be  relied 
on  for  detailed  correlation  of  stratigraphic  horizons  over  widely 
separated  regions,  and  further  on  account  of  their  persistence 
and  wide  distribution  they  are  among  the  best  evidence  for 
facial  affinity.  The  Carboniferous  and  Permian  brachiopods 
are  given  too  great  specific  latitude  by  many  paleontologists,  so 
that  it  is  common  in  the  literature  of  the  subject  to  note  that 
many  species  are  found  on  more  than  one  continent.  Pro- 
ductxi^  semireticulatus  is  believed  to  occur  throughout  all  Car- 
boniferous time  and  is  common  to  the  world.  Such  a  condi- 
tion permits  of  no  exact  correlation. 

8.  The  writer  can  not  see  that  the  evidence  as  presented  by 
Tschernyschew  breaks  down  the  laboriously  attained  conclu- 
sions of  Waagen,  Noetling,  and  Diener,  that  the   Productus- 
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limestone  (certainly  the  npper  member  or  Chideru  formation)  is 
not  younger  than  any  part  of  the  Permian  of  the  Urals  or 
Timan.  The  Schwagerina  brachiopod  fauna  of  the  Urals 
seemingly  arrives  later  in  India,  and  during  this  interval  has 
greatly  changed.  It  is  this  altered  character  that  dominates  the 
faunas  of  the  Middle  and  Upper  Productus-limestone.  This 
alteration  is  seen  in  the  progressive  development  and  specializa- 
tion, not  only  of  the  Lyttoniidffi,  but  as  well  of  the  Richtho- 
fenidffi  and  the  terebratuloids. 

9.  In  regard  to  the  contention  of  the  Indian  geologists  and 
Noetling  that  the  Indian  Productus-limestone  passes  without 
stratigraphic  break  into  the  Triassic,  some  weight  should  be 
given  to  Tschernyschew's  faunal  argument.  In  Kentucky, 
the  Devonian  overlaps  the  Ordovician,  and  in  Alabama,  the 
Carboniferous  the  Ordovician,  without  visible  stratigraphic 
break ;  if  it  were  not  for  the  fossils  entombed,  the  maps  of 
these  regions  w^ould  have  shown  but  one  formation.  From 
the  fact  that  not  a  single  species  is  known  to  pass  from  the 
Productus-limestone  into  the  higher  Ceratites-bearing  beds  of 
India,  one  would  naturally  look  here  for  a  late  Permian  or  early 
Triassic  land  interval,  followed  by  an  overlap  of  Triassic  age. 
However,  the  fact  that  no  unconformity  nor  break  in  sedi- 
mentation has  been  discovered  either  in  the  Salt  Range  or  in 
the  central  Himalayas,  and  further  that  in  the  latter  area  there 
is  a  great  unconformity  between  the  Permian  and  the  Lower 
Carboniferous  (which  has  a  thickness  of  5,000  feet),  are  endence 
rather  against  the  supposition  that  the  Triassic  overlaps  the 
Permian.  The  absence  of  any  Permian  species  in  these  lower 
Ceratites  beds  and  the  rapid  lithologic  change  between  the 
Permian  and  Triassic  may  nere  be  necessary  conditions  result- 
ing from  the  great  '*  revolution "  taking  place  in  both  hemi- 
spheres between  the  Paleozoic  and  Mesozoic.  It  is  not  only 
the  colder  glacial  land  waters  poured  into  the  oceans  of  Per- 
mian time  at  many  widely  separated  areas  that  have  changed 
the  long  previous  equable  habitat  of  marine  faunas,  but  exter- 
mination came  as  well  through  the  greatly  reduced  continental 
shelves,  due  to  the  higher  altitudes  of  the  continents  in  the 
Northern  Hemisphere  during  late  Permian  time.  (This 
is  especially  true  for  North  America.)  In  other  words,  the 
stable  conditions  of  tlie  Productus-limestone  were  interrupted 
by  the  Permian  revolution  going  on  elsewhere,  killing  the 
entire  fauna  of  this  immediate  region.  That  this  revolution 
did  affect  the  Salt  Range  seas  is  seen  by  the  change  in 
sedimentation,  and  with  it  came  extermination  of  its  life  fol- 
lowed very  shortly  by  an  immigration  of  a  new  but  not  greatly 
changed  ammonite  fauna. 
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Art.  XVI. — Notes  on  Some  Eruptive  Bocks  in  Mexico  ;  by 

F.  N.  Guild,  University  of  Arizona. 

Introductioiu — The  central  portion  of  Mexico  is  an  elevated 
mesa  or  plateau  extending  from  the  United  States  border  to 
the  southern  limits  of  the  Republic.  Its  elevation  varies  from 
about  3,000  feet  on  the  United  States  line  to  nearly  8,000  feet 
in  the  valley  of  Mexico.  Its  regularity  is  broken  by  numer- 
ous mountain  ranges,  some  of  whose  peaks  reach  above  the 
line  of  perpetual  snow.  The  origin  of  this  great  central  mesa 
is  one  of  the  important  geological  questions  in  Mexico  to-day. 
Some  authors*  consider  it  to  oe  due  to  great  lateral  fractures 
and  uplifts,  while  others,  though  admitting  that  no  definite 
explanation  can  be  given  until  tlie  region  has  been  more  thor- 
oughly studied,  are  inclined  towards  different  views.f 

The  eruptive  rocks  on  this  plateau  are  represented  by  enor- 
mous masses  of  rhyolite  and  andesite  presenting  great  varia- 
tions in  texture,  color,  etc.  Basalt  is  also  abundantly  devel- 
oped but  is  of  mnch  less  importance.  The  rhyolites  and  light- 
colored  porphyritic  andesites  are  found  quite  uniformly 
representmg  geologically  older  outflows,  while  the  recent  and 
modem  products  of  volcanic  activity  are  practically  all  ande 
sites  of  poorlv  developed  crystalline  texture  and  of  basaltic 
aspect.  Excellent  descriptions  of  many  of  these  rocks  may  be 
found  in  the  publications  of  the  Greological  Institute  of 
Mexico.:}: 

One  of  the  most  interesting  places  in  the  whole  Republic  is 
the  valley  of  Mexico  whose  interior  consists  of  fertile  sedi- 
ments of  great  thickness  derived  from  the  disintegration  of 
the  rocks  along  its  border  and  from  accumulations  of  volcanic 
sand  from  many  craters.  It  was  formerly  largely  occupied  by 
extensive  lakes;  Chalco,  Xochimilco  and  Texcoco  in  the 
sonth,  San  Cristobal,  Xaltocan  and  Zumpango  in  the  north. 
Some  ot  them  have  overflowed  at  times  and  inundated  the  city 
of  Mexico,  causing  great  loss  of  life  and  property.  Extensive 
projects  for  draining  them,  begun  by  the  Aztecs  and  carried 
out  by  the  Spaniards  and  Mexicans,  have  finally  removed  all 
danger  from  this  source.  The  valley  is  enclosed  on  all  sides 
by  eruptive  masses,  some  of  which  reach  an  altitude  of  nearly 

*  Felix  and  Lenk,  BeitrKge  znr  Geol.  nnd  Paleont.  der  Rep.  Mex.,  Leipzig. 

f  La  Mesa  Central  de  Mexico  es  nn  fendmeno  totalmente  secnndario  y  no 
debe  referido  ik  grandes  fractnras  laterales,  sino  qne  se  formaba  por  el  rel- 
lenamiento  de  loe  valles  masaltos  de  la  mon  tafia  antig^a,  por  masas  de  rocas 
emptivaa,  arenas  volc^nicas  y  alnviones  modemoe.  '^  Bose,  Sobre  el  origen 
de  la  Mesa  Central  Mexicana.*'  Bui.  Nam.  13,  £1  Institnto  Qeol.  de  Mex., 
1899.  pp.  35-49. 

X  E.  Ord<3fiez,  Las  Rhyolitas  de  Mexico,  Bol.  del  Ins.  Geol.  de  ^ex.  Num. 
14  y  15,  1900.  Las  Bocas  Emptivas  del  S.  O.  de  la  Cnenca  de  Mex.  Bui. 
Num.  2,  1895. 
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18,000  feet  above  sea  level,  and  contain  numerous  craters  in 
various  stages  of  decay.  The  rocks  composing  them  are  ande- 
sites  and  basalts  with  the  same  characteristics  and  variations  as 
elsewhere  in  Mexico,  the  older  outflows  being  of  lighter  color 
and  more  crystalline  texture,  the  newer  showing  vitreous  and 
darker  colored  types.  These  lavas  are  associated  with  large 
quantities  of  other  products  of  volcanic  activity  such  as  ashes, 
pumiceous  material,  etc. 

The  object  of  this  paper  is  to  describe  the  mode  of  occur- 
rence of  some  of  these  rocks,  especially  those  found  in  and 
near  the  valley  of  Mexico,  and  to  describe  their  mineralogical 
and  chemical  composition. 

Popocatepetl. 

One  of  the  most  beautiful  views  which  greets  the  visitor 
entering  the  valley  of  Mexico,  is  that  of  two  loity  peaks  situated 
on  its  extreme  southeastern  border  and  reaching  above  the 
line  of  perpetual  snow.  They  are  called  in  the  Aztec  tongue 
Popocatepetl,  the  Smoking  Mountain,  and  Ixtaccihuatl,  the 
White  Woman.  The  former  is  a  symmetrical  cone-shaped 
peak  whose  cap  of  dazzling  white  presents  a  strong  conti-ast 
to  the  dark  pine  forests  of  the  lower  slopes.  Ixtaccihuatl  is 
less  symmetrical  and  has  an  irregular  elongated  summit. 

It  is  said  that  the  first  ascent  of  Popocatepetl  was  made  by 
one  of  the  captains  of  Cortes  in  1521;  one  of  the  men  is 
reported  to  have  been  let  down  into  the  crater  by  a  rope  for 
the  purpose  of  collecting  sulphur  to  make  gunpowder  for  car- 
rying on  the  conquest.*  At  the  present  time  frequent  ascents 
are  made  and  a  well-equipped  party  experiences  no  serious 
discomforts. 

The  height  of  the  peak  above  sea  level  is  17,876  feet,  and  it 
has  the  form  of  a  symmetrical  cone  obliquely  truncated.  Its 
slopes  may  be  divided  into  three  parts,  a  lower  area  of  vegeta- 
tion reaching  to  about  12,000  feet,  then  steep  slopes  of  soft 
volcanic  sand  with  occasional  ridges  of  dark  andesite  up  to 
about  14,000  feet,  and  finally  the  snow  cap  reaching  to  the 
crater.  The  latter  is  probably  not  very  thick,  since  there  are 
no  crevasses  or  other  evidences  of  glacial  movements. 

The  crater  is  elliptical  in  shape  with  a  maximum  diameter 
of  612  meters  and  a  minimum  diameter  of  400  meters.f  The 
inner  rim  is  made  up  of  irregular  ledges  or  blocks  of  black  an- 
desite, with  a  slope  towards  the  crater  of  about  20  meters,  and 
then  there  is  a  perpendicular  cliff  varying  from  80  to  75  meters 
in  height.  At  its  base  is  a  talus  slope  extending  towards  the 
center  of  the  crater,  which  contains  a  small  pond  formed  by  the 

•  Prescott,  Conquest  of  Mexico,  p.  44,  vol.  ii. 

f  Agnilera  y  Ord6fiez,  Ezpedicion  Cientifica  al  Popocatepetl,  Mexico,  1895. 
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melting  of  the  snow.  The  maximiiiii  depth  of  the  crater  from  the 
surface  of  the  lake  to  the  highest  point  of  the  rim  is  said  to  be 
505  meters.  At  the  malecate,  or  hoist,  formerly  used  in  extract- 
ing sulphur  from  the  crater,  the  depth  is  considerably  less,  being 
but  205  meters.*  The  bottom  of  the  crater  contains  several 
small  solfataras,  from  which  steam  and  sulphur  vapor  escape. 
It  is  impossible  to  enter  the  crater  except  by  means  of  a  rope 
down  a  perpendicular  cliff  250  feet  high.     The  descent,  how- 


ever, has  been  made  by  members  of  the  Geological  Institute  of 
Mexico,  wlio  spent  fortv-eight  hours  in  the  crater  investi- 
gating it.*  The  interior  heat  of  the  volcano  is  still  sufficient  to 
prevent  the  crater  becoming  filled  up  with  snow. 

The  rooks  of  Popocatepetl  f  consist  of  andesites  and  basalts 
with  the  usual  accompanying  pumiceoua  and  scoriaceous  forme, 
which  are  especially  well  developed  immediately  below  the  snow 
line,  where  many  barrancas,  or  deep  cuts,  commence  and  radiate 
outward,  giving  an  excellent  opportunity  for  studying  it.  One 
of  the  deepest  of  them,  the  Barranca  de  TIamacas,  cuts  through 
this  material  to  the  depth  of  200  feet  or  more  and  exposes  beds 
made  up  alternately  of  fine  volcanic  ash  and  coarse  pumiceous 

•  Agnilem  y  OrddSez,  Expedicion  Cien.  al  Popocatepetl. 

t  An  excellent  account  of  an  ascent  of  Popocatepetl,  with  obserratioDB  npon 
its  geograpb)'  and  geology  with  «  brief  deacriptioD  of  its  lavaa,  has  been  given 
by  Farrington — Geological  Series  of  the  Field  Columbian  Presa,  Tol.  i. 
No.  3,  18B7. 
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matter.  In  the  lapilli  there  are  frequently  embedded  blocks  of 
black  compact  lava  wlucli  have  evidently  rolled  down  from 
above.  Narrow  ledgee  of  lava  are  occasionally  found  project- 
ing above  the  sand  and  mark  the  position  of  some  ontflow  from 
the  crater  which  hae  soHdified  before  reaching  the  base  of  the 
volcano.     (Fig.  2.) 

Petfography  oj  the  andeaiiea  of  Popocatepetl. — The  resnlte 
of  the  petrographic  study  of  four  specimens  collected  from  vari- 
ons  places  will  be  given  as  illustrative  of  the  variations  in  these 


Ko.  1  was  from  one  of  the  large  blocks  at  the  rim  of  the 
crater  near  the   Malacate.     Hand  specimens  appear  ae  black 


basaltic  rocks  containing  nnmerous  phenocrjsts  of  feldspar  aver- 
aging about  two  millimeters  in  diameter,  rather  ronnded  in  out- 
line and  evenly  distributed.  One  square  centimeter  of  surface 
usually  contains  about  fifteen  phenocryets.  Under  the  micro- 
scope the  feldspar  appears  ae  broken  fragments  and  idiomorphic 
crystals  presenting  tlie  ordinary  characteristics  of  rocks  of  this 
type;  zonal  stractnre,  abundant  inclusions  of  the  dark  ground- 
mass,  and  twinning  according  to  the  albite  and  pericline  laws. 
Optical  determinations  place  some  of  the  crystals  in  the  ande- 
sine-oligoclase,  others  in  the  andesine-labradorite  series.  The 
chemical  analysis  given  below  shows  that  the  feldsparB,  taken 
as  a  whole,  ai'e  of  rather  more  acid  type  than  the  pnenocrysts, 
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which  18  doubtless  due  to  more  acid  plagioclases  in  the  ground- 
mass.  Pyroxene  is  present  in  both  orthorhombic  and  monoclinic 
varieties.  Some  are  slightly  pleochroic.  The  groundmass  is  a 
dark,  nearly  opaque  glass. 

No.  2  was  also  taken  from  the  rim  of  the  crater.  It  is  more 
compact  and  contains  much  less  conspicuous  phenocrysts.  The 
microscope  shows  the  same  mineralogical  composition  as  in 
No.  1.  The  feldspar  is  developed  in  much  smaller  crystals  and 
twinning  and  zonal  structure  is  not  marked.  Nearly  all  of  the 
crystals  are  filled  with  inclusions  of  the  groundmass. 

No.  3  was  taken  some  distance  below  the  snow  lino  from  a 
large  ledge  near  Tlamacas  and  extending  towards  the  north. 
Hand  specimens  appear  as  medium  dart  gray  rocks  of  non- 
porphyritic  structure.  The  material  is  very  uniform  in  dif- 
ferent portions  of  the  same  mass  and  probably  represents  an 
outdow  of  considerable  extent.  Green  crystals  of  pyroxene 
and  occasionally  a  small  fragment  of  feldspar  can  be  seen  with- 
out the  microscope.  An  optical  study  shows  that  the  crystals  are 
well  formed  and  possess  sharp  angular  outlines.  Zonal  structure 
and  twinning  are  both  developed  as  in  No.  1,  but  the  pyroxenes 
are  much  more  abundant  and  hypersthene  greatly  predominates 
over  augite.  The  groundmass  is  a  felt  of  magnetite,  pyroxene 
microlites  and  obscure  feldspar  rods.  An  optical  determination 
of  the  feldspar  crystals  makes  them  mostly  labradorite  of 
medium  acidity,  though  a  few  belong  to  less  basic  types. 

No.  4  was  taken  from  the  Barranca  de  Tlamacas.  It  may 
be  classified  as  a  dark  yello\^ish  gray  to  brown  andesitic  pumice. 
It  is  filled  with  large  cavities  one  or  two  centimeters  in  diam- 
eter, at  or  near  the  center  of  which  is  frequently  to  be  found  a 
small  rounded  mass  of  dark  glassy  material  sometimes  contain- 
ing a  few  phenocrysts  and  supported  by  radiating  threads  of 
delicate  glass  which  appear  not  unlike  spiders'  webs.  The 
microscope  shows  this  rock  to  be  made  up  mostly  of  threads 
and  fragments  of  light  yellow  glass  with  only  an  occasional 
crystal  of  feldspar  or  pyroxene. 

Many  other  specimens,  collected  from  various  points  about 
the  volcano,  show  practically  the  same  minemlogical  composi- 
tion as  those  described  but  with  variations  in  structure  and 
texture  due  doubtless  to  more  or  less  rapid  cooling  rather  than 
to  diiference  in  chemical  composition.  Basalts  and  trachites 
have  been  described  from  Popocatepetl  by  Aguilera  and 
Ordofiez.  The  basalts  occur  as  representatives  of  older  out- 
flows and  are  not  at  all  abundantly  represented.  The  writer 
did  not  observe  any  occurrences  of  ttiis  type  of  rock  during 
his  recent  expedition  to  the  volcano.  Specimens,  however, 
studied  at  the  Instituto  Geologico  de  Mexico,  through  the 
kindness  of  the  Director,  appear  as  typical  fine-grained  basalt 
with  abundant  olivine.     The  latter  mineral  is  sometimes  devel- 
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oped  in  unusually  large  phenoerysts.  The  trachites  of  Popo- 
catepetl might  better  be  described  as  andesites  with  trachitic 
texture  since  plagioclase  seems  to  predominate. 

The  chemical  composition  of  the  hypersthene-andesites  from 
Popocatepetl  is  shown  by  two  analyses  made  by  the  writer. 
The  first  (No.  1,  described  above)  represents  a  recent  outflow, 
the  other  (No.  3,  from  near  Tlamacas)  is  representative  of  an 
earlier  period  of  activity. 

No.  1.  No.  8. 

SiO    62-51  58-07 

Al.O, 16-62  15-83 

Fe.O, 112  2-97 

FeO 3-75  3-89 

MgO 3-30  5-56 

CaO   5-10  6-70 

Na  0 4-28  3*89 

K,0 1-86  1-73 

H,0.     Above  110 -53  -23 

H,0.     Below  110 -15  '18 

TiO, 1-U2  1-27 

P,0, -23  -29 

Cr,0, -015  -01 

MiiO -10  -06 

SrO -03  -04 

BaO 14  -07 

Li,0 .-  trace  trace 


100-755  100-79 

The  normative  mineralogical  composition  and  position  of 
the  rock  according  to  the  quantitative  classification  is  given  in 
the  table  below. 

No.  1. 

Quartz,  SiO     13-98^ 

Orthoclase,  K,0. Al,0,.6SiO, 1 1  -12 

Albite,  Na,O.Al,0  .6SiO, 361 6 

Anorthite,  CaO.Al,0,.2SiO, 2057 

r  FeO.SiO,  -52  ^ 

DioDside  \  CaO.SiO,  1-62   ! 

Liiopside  ^   MgO.SiO,  1-00  f  ^  ^^ 

l^  MnO.SiO,  -13 

Hypersthene    j  ^^^IJ?.  ^^^^^  \ 

Magnetite,  FoO.Fe.O, 1-86 

Ilmenite,  FeO.TiO, 1-82 

Apatite -31 

Rest -86 

100-85 
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Sal        81-83         ^'7^5      ^,        -_     ^       , 
T^ —  =  To  ^/»    >    <  ,  >«  >  Class  II,   Dosalane 
Fern       1816    '    ^  1  "^3  ' 

—  =   -.-,    <       >  ^  ,  Order  4,   Aiistrare 
F        07-85    '^5-^7'  ' 

'   CaO        =  74'    <  3  > 5  '  ^""^  ''  ^^""^^^^ 

ra$    =     69 '    <l>\^  ^"^'^"^  ''  ^^"^^^'" 

No.  3. 

Quartz,  SiO    8-88^ 

Orthoclase,  K,O.Al,0,.6SiO, 10-01 

Albite,Na,O.Al,0,.6SiO, 32-49 

Anorthite,  CaO. Al,0,.2SiO, 20-85 

(  CaO.SiO,  4-52  ) 

Diopside  <  FeO.SiO,  -66  [  8-58 

(  MgO.SiO,  3-40  ) 

u  ♦!,  j  MgO.SiO.  10-40)  ,„-, 

Hypersthene   j  FeO.SiO/  2-1 1  f  ^^  5 1 

Magnetite,  FeO.Fe.O, 4-18 

Ilraenite,  FeO.TiO, 2-28 

Apatite -62 

Rest -59 

100-99 

Sal        72-23       ^  "J  ^^      ny       tt         n      i 
f^ —  =  ^«  ,Tr  J   <C  V  >   .J  Class  II,       Dosalane 
Fern       28  17  '^13'  ' 

Q  8-88  .3  ^   ,      ^   ^  j  Austrare 

"F^  =  63^36^'    <5  '  ^^^^'^  ^"M  Gerniauare 

K,0  +  Na,0        80      ^5^  3        ^         ^     (  Tonalase 
CiO         =75'  <3>5    '    ^""«  '    \  Andase 

K,0  18       .3^    1      «  ,  .    <  Tonalose 


Na 


O  18  3       1      ^„,     „^  .   j  Tonalos 

O      =  02  '  <5^7'  Subrang4  ^  ^^^^^^ 


Sierra  de  Guadalupe, 

The  regularity  of  the  valley  of  Mexico  is  broken  in  many 
places  by  braticnes  extending  from  the  high  mountain  ranges 
and  reaching  in  some  cases  almost  to  the  city  of  Mexico.  One 
of  the  most  conspicuous  of  these  is  the  Sierra  de  Guadalupe 
located  directly  north  of  the  city,  and  consisting  of  a  series  of 
rounded  hills  of  low  altitude  {&s.  3).  The  three  elevations 
nearest  the  city  of  Guadalupe  are  known  as  Cerro  de  Guerrero, 
Cerro  de  San  Isabel  and  Cerro  de  Chiquihuite.     At  the  base. 
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especially  in  the  vicinity  of  the  uity,  they  are  composed  of  rocks 
presenting  the  appearance  of  volcanic  breccia  with  cementing 
material  of  a  dark  vitreous  andesite,  with  sometimes  small 
phenocrystfi  of  feldspar;  the  fragments  are  of  very  much  the 
same  material  with  occaBJonally  lighter  colored  and  more  por- 
phyritie  varieties.  The  most  common  type  is  that  of  a  dark 
brown  to  black  compact  rock,  with  a  few  visible  phenocryets 
of  green  pyroxene.     These  rocks  otq  nearly  all  opal-bearing,  the 


IT  of  the  Sierra  de  Gnitdalnpe.     Aqaedact  of  Ooadslupe  ii 


mineral  occurring  in  cracks  and  occasionally  in  amygdaloidal 
cavities.*  It  is  usually  colorless  (hyalite),  but  sometimes  pre 
Bents  various  shades  of  yellow,  red  and  blue.  More  porphyri  tic 
types  of  these  andeeites  occur  in  other  portions  of  the  series. 
Microscopically  these  rocks  are  similar  to  those  from  Popoca- 
tepetl and  are  hypersthene  aodesitfis.  While  there  is  great 
mineralogical  similarity  in  the  specimens  from  different  place::, 
there  is  also  great  diversity  in  the  arrangement  of  the  con- 
stituents, variations  in  texture  due  to  more  or  less  rapid  cooling. 
The  feldspar  appears  as  rods,  broken  fragments,  and  larger 
crystals  with  zonal  structure  frequently  possessing  a  clear 
border,  but  containing  dark  inclusions  in  the  intenor.  The 
*  For  an  eicellent  description  of  the  occnrrence  of  opal  in  the  eruptive 
rocUa  of  Mexico,  and  how  they  are  freqneDtly  found  filling  decayeid  sphem- 
litio  growths,  see,  Laa  Hhjolitas  de  Ueiivo,  8q1.  Num.  14  y  15,  Inst.  Geol. 
dsHez. 
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groundmaes  varies  from  a  pure  glass  swarming  with  crystallites 
to  a  semi-crjstalline  condition,  frequently  containing  obscure 
globulitic  and  microlitic  growths.  Hypersthene  andesites  of 
this  type  have  been  described  from  Crater  Lake,  Oregon,*  and 
other  portions  of  tlie  United  States. 

Collma  de  Chapultepee, 

This  is  a  small  rocky  eminence  rising  abruptly  from  the 
plains,  about  three  miles  southwest  of  the  city  of  Mexico.  On 
the  summit  is  the  beautiful  castle  of  Chapultepee,  and  around 
its  base  are  artificial  lakes  and  roadways  which  make  it  one  of 
the  most  beautiful  parks  in  the  world.  Although  isolated,  it 
is  considered  to  belong  topographically  to  the  Sierra  de  las 
Cruces,  a  range  bounding  the  valley  on  the  southwestf 
Specimens  collected  from  it  appear  as  dark  gray  mottled  rocks 
with  porphyritic  hornblendes  and  feldspars,  the  latter  being 
most  conspicuous.  Under  the  microscope  both  feldspar  and 
hornblende  are  found  to  occur  in  two  generations,  the  feldspar 
in  large  idiomorphic  crystals  with  zonal  structure,  and  symmet- 
rically arranged  inclusions  and  smaller  rod-shaped  growths; 
the  hornblende  is  in  elongated  crystals  and  is  of  a  basic  variety 
possessing  strong  pleochroism  and  dark  to  opaque  borders. 
The  groundmass  is  partly  crystallized,  containing  needles  of 
both  hornblende  and  feldspar  with  patches  of  transparent  glass. 
(A,  fig.  5,  p.  172.) 

An  analysis  of  this  rock  was  made  by  the  writer  with  the 
following  results : 

Analjsis  of  Hornblende  Andesite  from  Chapultepee. 

SiO    62-89^ 

A1,0, 1642 

Fe,0, 2-64 

FeO 2-24 

MgO   2-50 

CaO 4-77 

NaO 4-07 

K,0 215 

H,0.     Above  110 100 

H,0.     BelowllO -65 

TiO, -83 

PA *20 

Cr,0, -01 

MnO  08 

SrO   03 

BaO 07 

Li.O.   Trace 


100-45 


*  Diller  &  Patton,  The  Oeology  and  Petrography  of  Crater  Lake  National 
Park,  U.  S.  Geol.  Sur.  PP  No.  8,  plate  xv. 
f  Ord6fiez,  6ul.  Nam.  2,  Ins.  Geol.  de  Mex. 
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Normative  Mineralogical  Composition  and  Classification. 

Quartz,  SiO 1752^ 

Ortboclase,  K,O.Al,0,.6SiO, 12  79 

Albite,  Na,O.Al,0..6SiO, 3458 

Anorthite,  CaO.Al,0,.2SiO, 2002 

(  MgO.SiO,  -90  ) 

Diopside  J  FeO.SiO,  -13  V  2-18 

( CaO.SiO,  115) 

Ilyperstbene  j  p^^g^o  '  ^53  [  ^'^^ 

Magnetite,  FeO.Fe,0, 3*71 

llmenite,  FeO.TiO, 1-50 

Apatite -30 

Rest ...  1-74 

100-27 

Sal        84-91       ^  V  ^5       „,        „     _       , 

^  —  =  iTTTT^  ,  <  r  >  ^  >   Class  II,   Dosalane 
Fern       13-02  '    ^  1  '^  3  '  ' 

Q         17-52       ^3^1.^,      ^      .     ^ 
-,    =—-,—  ,<->-,  Order  4,   Austrare 
F         67*39  '^5-^7 

CaO  =  72  '  <  3  >  5- '  ^"^«  ''    ^^°*^^^ 


Ba%aUic  lava  sheets. 

The  extreme  southern  portion  of  the  valley  of  Mexico  in 
the  vicinity  of  Tlalpam  is  flooded  with  an  enormous  outflow 
from  the  craters  of  Zeutli,  Xicalco  and  Xitli.  Although  no 
records  are  preserved  in  the  ancient  Aztec's  writings  regarding 
eruptions  from  these  volcanoes,  there  are  abundant  evidences 
showing  their  recent  origin.  The  lavas  are  in  a  very  fresh 
condition  and  human  bones  and  implements  are  found  beneath 
them.  Their  surfaces  are  very  rough,  consisting  of  bowlders 
and  loose  fragments  of  all  sizes.  Compact  and  scoriaceous 
modifications  are  both  represented.  The  most  common  type  is 
an  exceedingly  fine-grained  black  rock  lacking  phenocrysts, 
but  filled  with  numerous  small  cavities,  and  containing  frequent 
inclusions  of  other  rocks,  usually  andesitic  in  character, 
especially  where  the  lava  stream  has  encroached  upon  eleva- 
tions representing  older  outflows,  as  in  the  vicinity  oi  Cerro  de 
Xochitepetl. 
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Microscopical  I V  the  rock  is  atypical  finegrained  basalt  with 
about  equal  qnantitiea  of  olivine  and  pyroxene,  both  of  which 
are  clear  and  nodecom posed,  and  rather  difficult  to  dietingiiisli 
from  one  another,  since  the  pyroxene  is  orthorhonibic.  Tlie 
remainder  of  the  rock  is  made  up  of  fine  rods  of  feldspar 
crowded  together  and  pressed  against  the  larger  crystals  of 
olivine  and  hypersthene,  together  with  magnetite,  and  consider- 
al»Ie  dark  isotropic  matter.  The  writer  nas  described  basalts 
of  this  texture  from  Arizona,*  and  they  are  common  in  other 
parts  of  the  United  States. 


Fio.  4.     Colnmna  in  Basalt,  Salto  de  San  Anton,  CnemaTacB. 


A  section  was  prepared  from  one  of  the  large  inclusions  of 
andeeite  in  the  basalt  near  Xocbitepetl  (6,  fig.  5,  p.  17ii).  In 
general  the  structure  and  composition  is  similar  to  that  of  the 
andesite  of  Chapultepec.  Hornblende  and  plagioclase  are 
developed  in  well  fonned  crystals.  The  hornblende  has  been 
the  first  to  decompose,  and  some  crystals  are  nearly  opaque 
from  the  separation  of  magnetite. 

Basaltic  ontfiows  similar  to  the  ones  described  above  are 
found  in  the  vicinity  of  Cnernavaca,  and  in  places,  as  at  the 
Salto  de  San  Anton,  have  a  beautiful  columnar  stracture  (fig.  4). 
An  analysis  of  the  basalt  from  this  locality  shows  it  to  nave 
the  composition  given  below. 

*  Petrography  of  the  TocBon  UooDtiuns,  this  Journal,  xx,  p.  818,  pi.  ix. 
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Analysis  of  Basalt  from  El  Salto  de  San  Anton. 

SiO    51-56^ 

Al.O. 15-24 

Fe,0. 2-73 

FeO 5-99 

MgO 8-30 

CaO 7-67 

NaO 3-74 

K.O 1-25 

H,0.     Above  110 -16 

H,0.     Below  110  -15 

TiO, 1-81 

P.O 47 

C\0. -006 

MnO -16 

SrO  -05 

BaO -07 

Li,0 Trace 

99*945 


Normative  Mineralogical  Composition  and  Classification. 

Orthoclase,  K,O.Al,0,.6SiO, n-12'3^ 

Albite,  N»,O.Al,0,.6SiO    31-44 

Anortbite,  CaO.Al,0^2SiO, 1918 

(  CaO.SiO,  6-38  } 

Diopside  \  MgO.SiO,  460  \  12-17 

f  FeO.SiO,  1-19  J 

(  MgO.SiO,  5-10  ) 

Hyperstbene  \  FeO.SiO,  1-45  \  6-81 

/  MnO.SiO,  -26  \ 

Olivine  2MgO.SiO.  7  70  ) 

uliMne  ^  2FeO.SiO,  2-45  f  ^^  ^"^ 

Magnetite,  FeO.Fe,0, 3-94 

llraenite,  FeO.TiO, 3  34 

Apatite 1-24 

Rest -43 

99-82 
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Sal        61-74        ^5^3      ^,       TTT    c  ,r 
^f.^ —  =  - — --,    <r    -  >  -,   Class  111,   Salfemane 
Fem        37  65  '    ^  3   "^  5  '  ' 

F  7 

^    =  61-74  ,  >  -  ,   Order  5,    Gallare 

Vj  1 

CaO        =  69 '  <  3   >  5  '   ^^°^  ^'   Comptonase 

K.O  20      ^3^1      o^  ,^ 

"Na  O      ^  60 '  ^  5^1'  Subrang  4,  Comptonose 

Sierra  Catarina,  one  of  the  most  interesting  features  in  the 
valley  of  Mexico,  consists  of  a  series  of  crater  cones  rising 
abruptly  from  the  level  plains  in  the  southeastern  part  of  the 
valley.  Some  are  in  groups  of  four  or  five,  while  others  are 
isolated  truncated  cones  with  an  average  height  of  400  feet. 
Five  of  them  were  visited  by  the  writer  during  the  summer  of 
1905,  and  all  but  one  were  found  to  have  a  well  defined  crater 
on  the  summit.  Their  component  material  varies  from  pure 
volcanic  sand  to  compact  lava,  while  scoriaceous  forms,  lapilli 
and  volcanic  blocks  of  all  sizes  are  abundant.  A  compact  lava 
is  found  near  the  base  of  several  of  them  but  has  never  flowed 
to  great  distances.  The  predominating  color  is  black  for  the 
compact  varieties  of  lava  and  black  or  red  for  the  more  scoria- 
ceous modifications — porphyritic  tvpes  are  entirely  lacking. 

Las  Calderas,  perhaps  the  best  known  of  these  crater  cones, 
is  about  one  mile  south  of  the  railroad  station  of  Los  Reyes. 
It  is  an  elongated  truncated  cone  with  a  sloping  summit  due 
to  the  erosion  of  the  rim  on  the  southern  extremity.  The 
cone  contains  two  craters  with  a  narrow  rim  between  them. 
Barometric  observations  gave  the  following  elevations : 

Highest  point  on  the  rim,  650  feet  above  the  plain. 
Lowest  point  on  the  rim,  275  feet  above  the  plain. 

The  bottom  of  the  crater  was  found  to  be  at  practically  the 
same  level  as  the  surrounding  plain,  its  diameter  is  -about  1,500 
feet  and  its  interior  walls  are  quite  precipitous. 

This  cone  consists  almost  entirely  of  a  yellowish  gray  strati- 
fied tuflf  of  about  the  hardness  of  adobe  brick  and  with  an 
occasional  volcanic  block  embedded  in  it.  Microscopically  the 
ash  is  made  up  mostly  of  transparent  glass  with  some  micro- 
lites  of  feldspar  and  decomposed  particles  of  ferromagnesian 
minerals.  The  volcanic  block  mentioned  above  contains  small 
and  rather  scattered  rods  of  feldspar  in  an  exceedingly  dark, 
glassy,  structureless  groundmass.  Ferromagnesian  minerals 
are  present  only  in  isolated  grains.  The  rock  is  of  too  vitreous 
a  nature  to  admit  of  accurate  classification  from  its  mineral  con- 
stituents. 

Directly  southwest  of  Las  Calderas  is  a  series  of  crater  cones 
the  best  formed  of  which  is  called  Cerro  de  Catarina.     The 
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Fio.  5.  Description  of  Photomicrogmphs  illnstrating  tbe  types  of  SDde- 
Bites  in  the  valle;  of  Mexico. 

A.  Forpbjritic  hornblende  andeaite  froin  Chapnitepec,  showiug  both  feld- 
spar And  hornblende  in  two  f;enerationB.  The  gronndmass  is  nearlj  all 
crystallized  material.     14  diametera. 

B.  Hornblende  andesite  from  Xochitepetl.  Zonal  stmctnre  in  feldspar. 
Crvatalline  (froundraasB.     Creased  nicols.     14  diametera. 

b,  Andesite  of  bnaaltic  aspect  from  Popocatepetl.  Abundant  feldspar 
and  leas  pyroxene  in  a  vitreous  i^onndmass.  Pyroxene  cauDOt  be  dis- 
tingniahed  from  feldspar  in  the  cat.     14  diameters. 

D.  Andesite  of  buaaltic  aspect  from  Sierra  de  Ouadalnpe  sbowing  a  large 
bjpersthene  with  smaller  feldspar  crystals  in  a  semi-vitreouB  gronndmass. 
14  diameters. 

A  and  B  are  light-colored  porphyritio  andesites  representing  an  old  oat- 
flow  of  |;reat  extent.  C  and  D  are  megascoplcally  non-porphyritic  and 
belong  to  an  outflow  of  recent  date. 
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approach   to   them  from  Los  Rej'ea  is  over  an  exceedingly 
rough  bow  of  compact  lava. 

Several  specimens  were  collected  from  this  elevation,  one  of 
a  lustrous  black  rock  with  coiicboidal  fracture  and  free  from 
cavities  or  inchisions.  Others  collected  from  the  loose  material 
around  the  crater  were  more  scoriaceous  and  contained  manj 
cavities.  Under  the  microscope  they  all  show  about  the  same 
characteristicB,  the  chief  variation  being  in  the  relative  amount 


of  glass  present.  The  description  of  the  block  found  on  Las 
Calderae  applies  to  most  of  the  fragments  found  near  the  sum- 
mit of  Catarina.  The  rock  of  the  rough  lava  flow  mentioned 
above,  while  probably  of  the  same  mineralogical  composition, 
has  quite  a  different  texture.  It  is  basaltic,  consisting  of  dark 
glass  swarming  with  minute  rods  of  feldspar.  The  rods  are 
not  pressed  together  as  is  usual  in  these  types  of  rock  but  each 
individual  appears  quite  distinct  from  its  neighbor, 

Cerro  Xaitepetl,  located  still  further  south,  is  similar  to  the 
last  described  cone  except  that  it  is  of  less  altitude,  contains  a 
greater  quantity  of  the  tiner  products  of  volcanic  activity  and 
the  outflow  of  lava  at  the  base  is  lacking,  and  there  are  sti'atl- 
tied  beds  of  ash  in  its  place.  Sections  prepared  from  volcanic 
blocks,  lapilli  and  scoriaceous  material  reveal  nothing  new  as 
compared  with  that  from  the  other  cones  of  the  same  group. 
The  crater  is  very  shallow  and  probably  uot  more  than  500 
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feet  acro68 ;  the  soil  formed  at  its  bottom  is  very  fertile  and 
these  craters  seem  to  be  favorite  places  for  cultivating  corn. 

Next  in  line  in  this  interesting  group  of  volcanoes  is  Cerro 
de  San  Nicolas,  one  of  the  smallest  but  most  symmetrical  of  the 
cones.  It  is  about  350  ft.  high,  as  found  by  barometric  meas- 
urements, and  contains  a  small  crater  possibly  50  feet  deep. 
The  material  ejected  from  this  crater  both  from  a  megascopic 
and  microscopic  standpoint  presents  about  the  same  character- 
istics as  in  the  last  two  cones. 

About  three  miles  from  San  Nicolas  is  another  low  eleva- 
tion called  Cerro  de  Ixtapalapa  whose  crater  has  been  com- 
pletely removed  by  erosion.  Near  the  summit  the  component 
material  is  the  same  as  that  of  the  other  craters  of  the  group, 
but  its  base  is  of  compact  lava  which  has  spread  out  for  some 
distance  forming  gentle  slopes.  In  this  respect  Cerro  de  Ixta- 
palapa resembles  Cerro  de  Catarina  more  than  the  other  cones. 
Under  the  microscopes  this  compact  lava  is  more  crystallized 
than  any  of  the  others  examined.  Feldspar  occurs  in  two  dis- 
tinct generations  although  no  phenocrysts  can  be  detected  bv 
the  naked  eye.  Orthorhombic  pyroxene  is  abundantly  devel- 
oped in  the  form  of  isolated  crystals  and  clusters.  This  rock 
resembles  quite  closely  those  already  described  from  the  Sierra 
de  Guadalupe.     It  may  be  called  a  hypersthene  andesite. 

Summary. 

It  will  he  seen  from  the  foregoing  descriptions  that  the 
valley  of  Mexico  and  vicinity  represent  a  petrographic 
province  in  which  the  intermediate  and  basic  tyj>e8  oi  rocks 
are  abundantly  developed.  In  this  respect  it  resembles  regions 
of  recent  volcanic  activity  in  the  western  portion  of  the  United 
States  and  other  parts  of  the  world.  The  hypersthene  andesite 
from  Popocatepetl  and  the  Sierra  de  Guadalupe  are  very 
similar  to  those  described  from  Crater  Lake,  Ore.,*  Mt. 
Shaster,  Cal.,t  Buffalo  Peak,  Col.,:j:  and  other  well  known  local- 
ities. Further  the  material  ejected  from  Colima§  and  other 
active  volcanoes  in  Mexico  during  their  recent  periods  of 
eruption  seems  to  be  of  the  same  general  mineralogical  com- 
position. The  chemical  composition  is  also  similar,  as  may  be 
observed  by  comparing  the  analyses  accompanying  this  paper 
with  those  from  the  localities  mentioned  above.  It  is  inter- 
esting to  observe  the  relation  between  the  chemical  composi- 
tion of  the  older  crystalline  andesites  as  illustrated  by  the  rock 
from  Chapultepec,  and  the  newer,  non-porphyritic,  more  vitre- 

*  DiUer  and  Patton,  The  Qeology  and  Petrographj  of  Crater  Lake  National 
Park.     PP  No.  3,  U.  S.  Geol.  Sur. 

tDiller,  U.  S.  Geol.  Sar.  Bui.  No.  150,  p.  227. 

i  Cross,  U.  S.  Geol.  Sur.  Bui.  No.  150,  p.  224. 

^Ord6&ez,  Les  Demi^res  Eruptions  du  Volcan  de  Colima,  Mexico,  1908. 
Also  a  review  by  the  writer  in  Geologisches  Centralblatt,  Bd.  Vn,  No.  8. 


F,  i\r.  Guild — Eruptive  Bocks  in  Mexico.  175 

ous  and  basaltic-like  lava  from  Popocatepetl.  These  are 
almost  identical  In  chemical  composition  yet  have  given  rise  to 
dissimilar  mineralogical  developments.  The  one  has  developed 
abundant  hornblende,  the  other  pyroxene.  This  of  course 
is  easily  explained  on  the  sfrouna  that  the  consolidation 
has  taken  place  under  diverse  conditions,  the  one  being  erupted 
in  large  masses  which  formed  mountain  ranges  and  so  cooling 
very  slowly  and  under  great  pressure,  tlie  other  in  small  out- 
flows which  in  some  cases  barely  spilled  over  the  rim  of  the 
crater.  Farrington*  in  comparing  the  rocks  of  Popocatepetl 
and  Ixtaccihuatl  speaks  of  the  remarkable  fact  that  tney  differ 
completely  in  character,  the  one  being  hypersthene  andesite 
arid  the  other  a  quite  dissimilar  appearing  hornblende  ande- 
site. It  is  quite  possible  that  in  this  case  as  in  the  one  men- 
tioned above  a  similar  chemical  composition  is  masked  by  a 
dissimilar  mineralogical  structure.  This  view  is  further  sub- 
stantiated by  comparing  the  analysis  given  above  (No.  1)  with 
an  incomplete  analysis  of  hornblende  andesite  from  Ixtaccih- 
uatl made  by  Felix  and  Lenk.f  As  is  well  understood,  horn- 
blende requires  for  its  formation  unusual  conditions  of  pressure, 
etc.,  while  the  pyroxenes  do  not.  The  recent  lavas  of  Py>o- 
catepetl  are  more  acid  in  composition  than  the  old.  The 
few  basalts  are  mostly  covered  up  by  andesitic  outflows.  The 
older  andesite  of  Tlamacas  is  of  a  more  basic  type  than  those 
collected  about  the  rim  of  the  crater. 

Volcanic  sand  and  ashes  are  developed  in  enormous  quanti- 
ties around  the  base  of  the  older  mountains  in  many  places  in 
Mexico,  and  constitute  one  of  the  chief  sources  of  the  great 
fertility  of  the  soil.  The  writer  has  been  told  that  after  the 
coffee  plantations  in  that  country  have  become  covered  for 
many  square  miles  with  a  thin  mantle  of  gray  ash  from  the 
volcanoes,  contrary  to  the  expectations  of  the  haciendadoes  the 
soil  has  been  improved  and  better  yields  experienced.  The 
older  volcanic  sands  frequently  become  cemented  and  consti- 
tute a  material  of  suflicient  strength  to  be  used  as  a  building 
stone.  It  is  often  so  soft  that  it  can  be  worked  into  various 
shaped  bricks  by  means  of  a  hatchet,  and  not  infrequently 
becomes  harder  on  exposure  to  the  air.  The  texture  varies 
from  a  fine-grained  stratified  deposit  like  that  described  from 
Las  Calderas,  to  rounded  semi-pumiceous  grains  somewhat 
larger  than  peas  cemented  by  finer  material.  Many  of  the 
varieties  frequently  have  a  peculiar,  not  uupleasing  and  rusty 
appearance.  Intermediate  varieties  sometimes  show  oolitic 
structures. 

*0p.  cit.,  p.  109. 

f  SiO,  ei-24,  A1,0,  18-82,  Fe,0,  and  FeO  617,  MgO  3-76,  CaO  506,  Na,0 
315,  K,0  2-87,  H,0  067,  Felix  und  Lenk,  Btr.  Geol.  Mex.,  II,  p.  229,  1899. 

Am.  Jour.  Sol^Fourtb  Series,  Yol.  XXII,  No.  128.— August,  1906. 
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Aet.  'XNH.  —  The  ITydrolyaia  of  Salta  of  Iron,  Chromium, 

Tin,  Cobalt,  Nickel,  and  Zinc  in  the  Presence  of  Iodides 

and  lodatea;  by  Seth  E.  Moody. 
[CoDtribatioQs  from  the  Kent  Chemical  Labonth>iy  of  Yale  UnJT.^-czlvi.] 
Iron. 

It  baa  been  ebown  in  a  former  paper*  tbat  the  action  of  a 
mixture  of  potaseium  iodide  and  potassium  iodate  upon  alumi- 
ninm  chloride  and  abiminium  sulphate  may  serve  as  the  basis 
for  the  iodoraetric  determination  of  aluminium. 

Just  aa  salts  of  aluminium  are  hydrolyzed  in  the  presence 
of  the  iodide-iodate  mixture  with  the  liberation  of  iodine,  so 
are  salts  of  iron.  The  reaction  by  which  ferric  sulphate  is 
hydrolyzed  is  similar  to  that  for  the  hydrolysis  of  aluminium 
chloride  and  aluminium  sulphate,  as  already  given. 

Fe,(SO.).  +  5KI+KIO,  +  3H,0  =  2Fe(OH),  +  3K,SO.+6r. 

The  hydrolysis  of  ferrous  sulphate  is  accompanied  by  oxida- 
tion of  the  ferrous  hydroxide  at  the  expense  of  the  iodate,  as 

follows : 

3  FeSO.  +  5KI  +  KIO.  +  3H,0  =  3Fe(0H),  4  3K,S0.  +  6l 
6Fe(OH),  +  K10,  +  3H,0  =  6Fe(OH),  +  KI. 

The  iodine  eliminated  is  an  exact  measure  of  such  hydrolysis 
as  in  the  case  of  aluminium  and  becomes  known  by  the  use  of 
a  standard  solution  of  sodium  thiosulphate  for  its  titration. 

A  solution  of  ferrous  sul- 
phate was  used  in  the  experi- 
ments performed,  made  up 
to  about  N/10  strength.  Its 
value  was  obtained  with 
potassium  permanganate  as 
shown  in  Table  I.  Of 
this  solution  portions  of  25"°" 
were  drawn  from  a  burette 
into  a  Voit  flask,  the  iodide- 
iodate  mixture  added  and  the 
whole  boiled  for  30  minutes 
in  the  presence  of  a  current 
of  hydrogen  to  transfer  the 
iodine  to  the  receiver,  a  Drexel  flask  charged  witli  potassium 
iodide,  when  it  was  estimated  with  a  standard  solution  of 
sodium  thiosulphate. 

Table  II  shows  results  of  these  experiments. 
•  TbiB  Journal,  u,  1905,  p.  181. 
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Table  I. 


FeSOt.       KtMnsOfl. 


cm». 

25 
25 
25 
25 
25 


10-60 
10-60 
10-67 
10-58 
10-59 


Fe. 
grm. 

0-0734 
0-0734 
0-0732 
0-0733 
0-0734 


Iodine 
equiyalent. 


grm. 


0-3326 
0-3326 
0-3317 
0*3320 
0-3323 


grm. 
(Mean.) 


0-3322 


Table  II. 


FeSO*.     KI. 


KIOs.    Time  in  Na,S«0». 
minntes. 


cm' 
25 
25 
25 
25 
25 


grm. 

1-0 
10 
10 
1-0 
1-0 


cm' 

15 
15 
15 
15 
15 


30 
30 
30 
30 
30 


cm^ 

26-67 
26-68 
26-65 
26-67 
26-66 


Iodine 

calcniated. 

grm. 

0-3324 
0-3325 
0-3321 
0-3324 
0-3323 


Diff. 

grm. 
+  0-0002 
+  0-0003 
—  0-0001 
+  0-0002 
+  0-0001 


So  it  appears  that  the  hydrolysis  of  ferrous  sulphate  is  com- 
plete in  the  presence  of  the  iodido-iodate  mixture  and  that  the 
iodine  set  free  is  an  exact  measure  of  the  SO^-ion  present  and 
of  the  iron  in  the  ferrous  sulphate  of  ideal  composition. 

Chroniiutn. 

Chromium  sulphate,  in  the  form  of  the  alum,  was  next  ex- 
amined. The  standard  of  the  solution  was  found  by  ;)recipi- 
tating  with  ammonia  and  igniting  the  chromic  hydroxide  to 
constant  weight.  For  the  purpose  of  comparison  other  por- 
tions of  the  solution  were  treated  with  the  iodide-iodate  mix- 
ture and  boiled  for  half  an  hour  in  a  trapped  Erlenmeyer 
beaker  to  expel  the  iodine.  A  few  drops  of  sodium  thiosul- 
phate  were  added  to  take  up  the  last  trace  of  iodine  and  thus 
insure  complete  hydrolysis.  The  precipitate  was  filtered  off 
on  asbestos,  washed  with  boiling  water  and  ignited  to  constant 
weight.  Results  of  these  experiments  are  given  in  the  follow- 
ing table: 

Table  III. 


Mean  of 
entire  series. 


grm. 


0-0642 


Approx.  N/10 

chrome 

alum. 

Precipitant. 
Ammonia.              Iodide-iodate 

mixture. 
CraO,                      CraOs 
found.                     fonnd. 

cm' 

grm.                       grm. 

25 

0-0643                   00638  "^ 

25 

0-0638                   0-0645 

25 

0-0646                   0-0641     > 

25 

0-0641                   0-0640 

25 

0-0644                  0-0643 
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The  sulphuric  acid  set  free  by  hydrolysis  upon  boiling  with 
the  iodide  mixture  was  then  found  by  the  iodide-iodate  reac- 
tion, one  gram  of  potassium  iodide  being  in  each  case  dissolved 
in  10^*  of  a  solution  of  potassium  iodate  (30  grms.  to  a  liter) 
and  added  to  the  measure  of  chrome  alum  in  the  Voit  flask. 
The  mixture  was  boiled  thirty  minutes  with  a  current  of 
hydrogen  to  aid  in  removing  the  iodine  liberated  to  the  Drexel 
flask  containing  about  3  grams  of  potassium  iodide  dissolved 
in  water.  The  iodine  collected  in  the  receiver  was  estimated 
with'  sodium  thiosulphate  as  in  previous  experiments.  That 
the  hydrolysis  of  the  sulphate  had  been  complete  was  shown 
by  dissolving  the  washed  precipitate  in  nitric  acid  and  testing 
the  solution  with  barium  chloride,  no  barium  sulphate  being 
found. 


Table  IV. 

Approx. 

N/10 
chrome 

alnm. 

Time  iu 
minutes. 

Na,SaO,. 

I. 

CraO, 

corresponding  to 

SOt,  equivalent  of 

iodine  set  free. 

Excess 

of 
CraO, 

(Basic.) 

cm^. 

cm*. 

grm. 

grm. 

grm. 

25 

30 

23-50 

0-29J5 

0-0583 

0-0059 

25 

30 

23-45 

0-2908 

0-0582 

0-0060 

25 

80 

23-40 

0-2902 

0-0580 

00062 

25 

30 

23-45 

0-2008 

00582 

0-0060 

25 

30 

23-44 

0-2907 

00581 

0-0061 

The  fact  that  more  chromic  oxide  is  contained  in  the  alum 
than  corresponds  to  the  SO,  found  by  the  iodide-iodate  reac- 
tion in  the  complete  hydrolysis  of  the  salt  shows  at  once  that 
this  particular  preparation  of  chrome  alum,  like  many  ordi- 
nary commercial  alums,  is  basic. 


Tin. 

» 

In  experimenting  with  salts  of  tin  the  difliculty  is  to  obtain 
a  salt  of  definite  composition  with  which  to  start.  The  double 
salt  of  stannic  chloride  and  potassium  chloride  was  selected  as  a 
suitable  salt  for  determining  the  character  of  the  hydrolysis  of 
stannic  chloride.  This  salt  was  prepared  by  adding  stannic 
chloride  to  a  cold  saturated  solution  of  potassium  chloride. 
The  material  was  then  filtered,  washed  and  dried  in  a  vacuum 
desiccator. 

The  tin  content  of  this  salt  was  found  by  precipitating 
stannic  acid  with  the  iodide-iodate  mixture,  igniting  and 
weighing  the  stannic  oxide  thus  obtained.  Results  of  these  ex- 
periments follow  in  Table  V. 
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Table  V. 

• 

SnCl*. 

SnOa 

Mean  of 

2KC1. 

ALi. 

KIO, 

precipitated. 

entire  series. 

grm. 

grm. 

cm' 

tprm. 

grm. 

0-26 

1-0 

15 

0-0926      ' 

0-25 

1-0 

15 

00933 

0-26 

1-0 

15 

0-0937 

0-26 

1-0 

15 

0-0929 

0-0931 

0-25 

1-0 

16 

0-0932 

0-26 

1-0 

15 

0-0930 

0-25 

1-0 

15 

0-0934 

0-25 

1-0 

15 

0-5931 

Portions  of  this  salt  were  placed  in  the  Voit  flask  with  the 
iodide-iodate  mixture,  and  tlie  mixtures  were  boiled  for  40 
minutes  in  a  current  of  hydrogen  to  transfer  the  iodine  to  the 
Drexel  flask  charged  with  potassium  iodide.  The  iodine  thus 
eliminated  was  estimated  with  a  standard  solution  of  sodium 
thiosulphate  of  approximate  N/IO  strength.  The  results  are 
given  in  A  of  the  lollowing  table. 

An  abundance  of  iodine  is  liberated  immediately  upon  the 
addition  of  the  iodide-iodate  mixture  without  boiling,  and  in 
order  to  see  to  what  limit  the  action  might  go  at  the  ordinary 
temperature  of  the  room,  a  series  of  experiments  was  made 
in  which  the  iodine  was  removed  at  once  with  sodium  thiosul- 
phate, and  the  solution  after  standing  two  hours  was  titrated 
with  sodium  thiosulphate,  the  total  amount  of  the  thiosulphate 
used  being  a  measure  of  the  iodine  eliminated  in  the  reaction 
and  a  measure  of  the  tin  present. 

The  results  of  these  experiments  are  given  in  B  of  the  table 
which  follows : 


Table  VI. 

• 

SnCl4. 
2KC1. 

KI. 

KIO, 

.  Time  in 
minntes. 

Approx. 

N/10 
NaaSaO,. 

I. 

SnOa 
calcu- 
lated. 

SnOa 
precip- 
itated. 

Diff. 

gnu. 

grm. 

cm*. 

cm*. 

grm. 

A 

grm. 

grm. 

grm. 

0-25 

1-0 

15 

40 

24-37 

0-3137 

0-0933 

0-0931 

4-0-0002 

0-25 

1-0 

15 

40 

24-36 

0-3135 

0-0933 

0-0931 

+  0-0002 

0-25 

1-0 

15 

40 

24-32 

0-3130 

0-0932 

0-0931 

4-0-0001 

0-25 

ro 

15 

40 

24-33 

0-3132 

0-0932 

00931 

4-0-0001 

0-25 

1-0 

15 

40 

24-36 

0-3135 

00933 

0-0931 

4-0-0002 

0-25 

1-0 

15 

40 

24-35 

0-:J134 

0-0933 

0-0931 

+  0-0002 

0-25 

1-0 

15 

40 

24-34 

0-3133 

0-0932 

0-0931 

+  0  0001 

0-25 

1-0 

15 

40 

24-36 

0-3135 

0-0933 

0-0931 

+  0-0002 
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Tablb  YI  (conthmed). 

Approx.  SnO«  SnOt 

SnCl«.     KI.    KlOt.   Time  in    N/10  I.           calcn-  precip-        Diff. 

2KC1.                         minates.    Na,S,Oa.  UUed.  itate<t 

grfii.    gnn.    cm'.                        cm*.  grm.         gtm.  gT^i*          gnn. 

B 

0-26  1-0  15  120  24-37  03137  00933  0-0931  +0*0002 

0-25  1-6  15  120  24-35  0-3134  00933  00931   +00002 

0-25  10  15  120  24-34  0-3133  0-0932  0-0931   +0-0001 

0-25  10  15  120  2428  0-3125  0*0930  0-0931  —00001 

0-25  10  15  120  24-31  03130  0*0931  0*0931  ±0*0000 

0-25  10  15  120  24-32  0*3130  0-0933  0-0931   +0*0001 

0*25  1-0  15  120  24-34  0:iJ33  00932  0*0931   +00001 

0*25  1-0  15  120  24-33  03132  0*0932  0*0931  +0*0001 

These  results  recorded  in  A  show  that  stannic  chloride  is 
completely  hydrolvzed  in  the  presence  of  the  iodide-iodate 
mixture,  and  that  the  iodine  liberated  on  boiling  is  a  measure 
of  the  tin  present. 

The  results  ^ven  in  B  show  that  at  the  temperature  of  the 
room  complete  hydrolysis  is  also  eflFected  by  removing  from 
the  sphere  of  action  the  iodine  which  at  nrst  appears  and 
allowmg  the  mixture  to  stand  two  hours  before  the  final 
titration. 

Cobait. 

When  cobaltous  sulphate  is  boiled  for  a  considerable  time 
with  the  iodide-iodate  mixture,  it  is  hydrolyzed  with  the  libera- 
tion of  iodine  in  amount  indicating  tliat  the  following  equation 
shows  the  character  of  the  initial  reaction. 

3CoSO,  +  5KI  +  KIO,  +  3H,0  =  3Co(OH),  +  3K,S0,  +  6l 

Under  the  conditions  of  the  experiment  potassium  iodate  is 
present  in  excess  and  exerts  an  oxidizing  influence  upon  the 
cobaltous  hydroxide,  thereby  forming  black  cobaltic  hydroxide 
as  follows : 

6Co(OH),  +  KIO,  +  3H,0  =  6Co(OH),  +  KI 

After  filtering  and  washing  this  precipitate  and  dissolving 
it  with  nitric  acid,  no  precipitate  was  obtained  with  barium 
chloride  and  this  solution.  This  evidence  goes  to  show  that 
the  hydrolysis  was  complete. 

The  standard  of  ray  solution  was  found  by  depositing  me- 
tallic cobalt  upon  a  rotating  platinum  crucible  as  the  cathode, 
3  grms.  of  ammonium  sulphate  being  used  as  the  electrolyte 
for  25*^'  of  the  solution  of  cobaltous  sulphate  diluted  with 
25cin»  ^f  water,  using  one  ampere  for  current  and  continuing 
thirty  minutes.     The  following  table  shows  these  results : 
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Tablx  VII. 

C0S04. 

(NH4),S04 

Time  in 
minutes. 

Co      =    SO.    = 

=      I. 

Mean  of 
entire  series 

cm'. 
25 

grms. 
3 

30 

grm.          grm. 
0-0528     0-0710 

grm. 
0-2250  ^ 

grm. 

25 

3 

30 

0-0525     0-0706 

0-2237 

25 

3 

30 

0-0524     0-0705 

0-2234 

0-2242 

25 

3 

30 

0-0527     0-0709 

0-2247 

25 

3 

30 

0-0526     0-0707 

0-2240 

25 

3 

30 

0-0527     0-0709 

0-2247 

SubjectiDg  portions  of  cobaltous  sulphate  to  heat  with  potas- 
ginm  iodide  and  potassium  iodate  in  tne  presence  of  a  current 
of  hydrogen  to  transfer  the  iodine  to  a  Drexel  flask  charged 
with  potassium  iodide,  the  following  results  were  obtained : 


Table  VIII. 

Iodine 

Iodine 

Approx. 

value 

value 

0S04. 

KI. 

KIO,. 

Time 

N/10 

calcu- 

of C0SO4 

Diflf. 

in 

Na,Sa0,. 

lated. 

taken. 

cm*. 

grm. 

cm*. 

hours. 

cm*. 

grm. 

grm. 

grm. 

25 

1-0 

15 

4 

17*80 

0-2244 

0-2242 

+  0-0002 

25 

1-0 

15 

3i 

17-78 

0-2242 

0-2242 

±0-0000 

25 

1-0 

15 

3* 

17-75 

0-2238 

0-2242 

-.0-0004 

25 

1-0 

15 

4 

17-79 

0-2243 

0-2242 

+  0-0001 

25 

1-0 

15 

4 

17-79 

0-2243 

0-2242 

+  0-0001 

25 

1-0 

15 

4 

17-78 

0-2242 

0-2242 

±0-0000 

It  should  be  observed  that  the  iodine  value  obtained  by  the 
action  of  the  iodide-iodate  mixture  upon  the  samples  of  cobal- 
tous sulphate  examined  is  closely  comparable  with  the  iodine 
equivalent  of  the  cobalt  found  by  the  electrolytic  deposition 
of  the  metal,  showing  that  it  is  an  exact  measure  of  the  cobalt 
present  in  the  completely  hydrolyzed  cobaltous  sulphate  of 
ideal  composition. 

Nickel. 

Nickelous  sulphate,  like  cobaltous  sulphate,  is  hydrolyzed 
completely,  after  a  considerable  time,  in  the  presence  of  the 
iodide-iodate  mixture,  likewise  yielding  iodine,  which  may  be 
collected  similarly  and  estimated  as  a  measure  of  the  nickel 

E resent.  Nickelous  hydroxide  formed  in  the  reaction  remains, 
owever,  unoxidized  by  potassium  iodate  in  neutral  solution 
and  therefore  the  following  equation  will  show  the  final  pro- 
ducts: 

3NiS0,  +  5KI  +  KIO.  +  3H,0  =  3Ni(OH),  +  3  K,SO,  +  6l 

The  standard  of  the  solution  examined  was  obtained  by  the 
electrolytic  process.     To  25  cm'  in  a  beaker  of  convenient  size 
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an  equal  volnme  of  water  and  3  grms.  of  aramoninm  sniphate 
were  added,  and  a  current  of  one  ampere  was  found  sufficient 
to  deposit  the  nickel  upon  a  rotating  platinum  crucible  in  thirty 
minutes. 
Below  is  shown  results  of  these  determinations. 


Table  IX. 

NiSO* 

(NHOtSO* 

Time 

Ni     = 

SO, 

cm*. 

grm. 

ininates. 

grm. 

grm. 

26 

3 

30 

0-0520 

00709 

25 

3 

30 

00523 

0-0713 

25 

3 

30 

0-0521 

0071 1 

25 

3 

30 

00523 

0-0713 

25 

3 

30 

00522 

00712 

I. 


1 


Mean  of 
entire 
series, 
grm. 


grm. 

0-2246 
0-2260 

0-2252    }  0-2255 
0-2260    I 
0-2255  J 

A  portion  of  25*^™'  of  the  solution  of  nickelous  sulphate  was 
drawn  from  a  burette  into  a  Yoit  flask  and  a  solution  of  1  gm. 
of  potassium  iodide  in  15*™*  of  the  potassium  iodate  (30  grms. 
to  a  liter)  was  added.  This  was  heated  for  three  hours  in  the 
presence  of  hydrogen  to  aid  in  the  transfer  of  the  iodine  liber- 
ated to  the  receiver — a  Drexel  flask  about  half  full  of  water  in 
which  3  grms.  of  potassium  iodide  is  dissolved.  The  iodine 
liberated  was  estimated  with  sodium  thiosulphate  in  the  presence 
of  starch. 

Results  of  these  determinations  follow. 


Table  X. 

Iodine 

Approx. 

I. 

valne 

^iSO*. 

KI. 

KIO« 

Time 

N/10 

calcu- 

of Ni. 

Diflf. 

in 

Na,S,0,. 

lated. 

table. 

cm*. 

grm. 

cm*. 

hoars. 

cm*. 

grm. 

grm. 

grm. 

25 

ro 

15 

3 

17-87 

0-2254 

0-2265 

—0-0001 

25 

1-0 

15 

3 

17-88 

0-2-256 

0-2255 

-i-o-oooi 

25 

1-0 

15 

3 

17-84 

0-2250 

0-2255 

—  0-0005 

25 

1-0 

15 

3 

17-87 

0-2254 

0-2255 

—  0-0001 

35 

1-0 

15 

3 

17-83 

0-2249 

0-2255 

—  00006 

Thus  it  appeal's  that  nickel  sulphate  may  be  completely 
hydrolyzed  in  the  presence  of  the  iodide-iodate  mixture  and 
that  the  nickel  of  nickel  sulphate  of  ideal  composition  can  be 
estimated  from  the  amount  of  iodine  liberated  in  the  action  of 
that  salt  upon  the  iodide-iodate  mixture. 

Zinc. 

Zinc  sulphate  is  hydrolyzed  in  the  presence  of  the  iodide- 
iodate  mixture  and  the  reaction  might  be  expected  to  proceed 
according  to  the  following  equation  : 

3ZnS0,  +  5KI  +  KIO,  =  3Zn(0H),  +  3K.S,  -h  6l 
For  the  purpose  of  experimenting  upon  this  salt,  a  solution 
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was  made  coDtaining  20  grms.  to  the  liter.  The  standard  was 
found  both  by  determining  the  zinc  precipitated  electrolytically 
and  by  finding  the  weight  of  barium  sulphate  precipitated  by 
barium  chloride. 

In  the  electrolytic  process  a  portion  of  25*^'  was  in  each 
determination  drawn  from  a  burette  into  a  beaker  of  convenient 
size ;  3  grms.  of  sodium  acetate  and  1^*  of  acetic  acid  were 
added  and  with  a  rotating  platinum  crucible  as  tlie  cathode  a 
current  of  one  ampere  was  passed  for  30  minutes,  when  the 
deposit  was  washed  with  water  and  alcohol,  dried  and  weighed 
as  metallic  zinc. 

Results  of  these  experiments  are  given  in  the  following 

table : 

Table  I. 

arrent. 
nperes.     i 

1-0 
1-0 
1-0 
1-0 

The  entire  series  gives  a  mean  of  0*1408  grm.  of  SO,  equiv- 
alent to  the  zinc. 

The  content  of  sulphuric  anhydride  was  found  by  precipi- 
tation with  barium  chloride  as  barium  sulphate,  and  the  results 
of  these  experiments  are  given  in  the  subjoined  table  : 

Table  II. 


Zinc 

Sodinm 

Acetic 

Time 

Equivalent 

stdphate. 

acetic. 

acid. 

Current. 

in 

Zinc 

of  SO3 

cm*. 

grms. 

cm*. 

amperes. 

minntes. 

grms. 

grms. 

25 

3 

1-0 

1-0 

30 

0-1153 

01413 

25 

3 

1-0 

1-0 

30 

0-1146 

0-1405 

25 

3 

1-0 

1-0 

30 

0-1149 

0-1408 

25 

3 

1-0 

1-0 

30 

0-1147 

0-1406 

Zinc 

sulphate. 

cm*. 

Ba(J] 
cm^ 

25 

10 

25 

10 

25 

10 

25 

10 

Equivalent 
of  SO, 
grm. 

0-1408  1 
0*1410 


Mean  of 

entire 

series. 

grm. 


V    0-1408 


BaS04 
found, 
grm. 

0-4109 

0-4113       , 

0-4101  0-1406 

0-4105  0-1407 

The  determinations  of  zinc  and  of  the  barium  sulphate  gave 
in  the  average  the  same  standard  for  the  combined  SO,. 

Portions  of  this  solution  subjected  to  heat  with  a  mixture 
of  potassium  iodide  and  potassium  iodate  liberated  iodine,  and 
the  amounts  of  iodine  found  by  titration  witli  sodium  thio- 
sulphate  are  given  in  the  following  table : 

Tablb  III. 


Approx. 

Mean  of 

Zinc 

Time 

N/10 

Equivalent 

entire 

sulphate. 

KI. 

KIO,. 

in 

NaaSaOs. 

I. 

of  SO3. 

series. 

cm*. 

grm. 

cm*. 

hours. 

cm^. 

grm. 

grm. 

grm. 

25 

1-0 

15 

i 

27-8 

03557 

0-1123  ^ 

25 

1-0 

15 

i 

28-0 

0-3582 

0-1130 

25 

1-0 

15 

3 

27-8 

0-3557 

0-1123 

>  0-1125 

25 

1-0 

15 

3 

27-8 

0-3557 

0-1123 
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From  these  results  it  appears  that  hydrolysis  of  the  salt 
ceases  before  all  the  SO,  radical  is  removed. 

In  another  series  of  experiments  similar  portions  were  boiled 
in  an  Erlenmeyer  beaker  with  the  iodide-iodate  mixture  until 
all  the  iodine  visibly  liberated  in  the  reaction  was  expelled, 
and  the  precipitate  was  then  filtered,  washed,  dissolved  in 
nitric  acid  and  treated  with  barinm  chloride.  The  barinm 
sniphate  precipitated,  filtered  off  on  asbestos,  washed,  ignited 
and  weighed  was  found  to  correspond  almost  exactly  with  the 
SO,  radical  not  removed  by  hydrolysis  in  the  previous  experi- 
ments. 


Tablk  IV. 

Mean  of 

Zinc 

Time 

BaSOt   Eqniyalent 

entire 

sulphate. 

Kl. 

KIO,. 

in 

BaCl,. 

fonnd.      of  S0». 

aeries. 

cm*. 

grin. 

cm* 

hoars. 

cm*. 

grm.          grm. 

gnn. 

25 

1-0 

15 

f 

10 

00817     0-0280' 

25 

1-0 

15 

i 

10 

0-0812     0-0278 

0-0280 

25 

1-0 

15 

H 

10 

00821     00282 

25 

l-O 

15 

H 

10 

0-0814     0-0279 

From  the  results  of  both  Table  II  and  Table  III  it  appears, 
therefore,  that  zinc  sulphate  is  not  completely  hydrolyzed  in 
the  presence  of  the  iodide-iodate  mixture,  and  tne  mean  per- 
centage of  such  hydrolysis  is  found  to  be  80-13.  So  it  appears 
that  a  one-fifth  basic  sulphate  is  formed.  The  basic  sulphate 
contains  5Zn  to  ISO^  and  is  so  definite  that  from  the  iodine 
liberated  the  zinc  content  may  be  calculated  with  accuracy. 

The  reaction  of  hydrolysis  may  be  expressed  by  the  equa- 
tion : 

15ZnS0.  +  20KI  +  4KI0,  + 1 2H,0 

=  3Zn,(OH),SO,H-12K,SO,-f-24l. 

Of  the  various  metal  sulphates  mentioned  in  this  paper 
zinc  sulphate  is  the  only  one  which  is  not  completely  hydro- 
lyzed, more  or  less  easily,  in  presence  of  the  iodiae-iodate 
mixture. 
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I.    Geology  and  Natural  History. 

1.  The  Geodetic  Evidence  of  Isostacy^  with  a  Consideration 
of  the  Depth  and  Completeness  of  the  Isostatic  Compensation 
and  of  the  Bearing  of  the  Evidence  vpon  some  of  the  Greater 
Problems  of  Geology ;  by  John  F.  Hayford,  C.E.  Proc.  of 
the  Wash.  Aoad.  of  Sciences,  vol.  viii,  pp.  26-40,  May  18,  1906. — 
The  nature  of  this  short  paper  is  well  indicated  by  its  title,  and 
instead  of  merely  stating  the  more  conspicuous  conclusions,  it  may 
be  desirable,  in  order  to  indicate  its  great  importance,  to  give  a 
brief  historical  review  of  the  place  of  this  subject  in  geological 
literature  and  of  the  problems  upon  which  it  bears,  the  historical 
side  not  being  developed  in  the  paper  itself. 

Since  the  time  of  Babbage  and  Herschel  the  idea  has  been  enter- 
tained by  certain  geologists,  that  the  greater  features  of  the 
earth's  surface  were  sustained,  not  by  virtue  of  the  internal 
rigidity,  but  in  large  part  rested  in  equilibrium  because  of  a 
lessened  specific  gravity  of  the  crust  beneath  the  more  elevated 
masses ;  the  facts  leading  to  this  hypothesis  having  been  pointed 
out  by  Petit,  who  in  1849  discussed  the  deficiency  of  gravity 
beneath  the  Pyrenees,*  and  by  Archdeacon  Pratt  of  Calcutta,  who 
a  few  years  later  called  attention  to  the  striking  deficiency  of 
mass  found  to  exist  by  the  Indian  Trigonometrical  Survey 
beneath  the  Himalayas  and  the  Plateau  of  Thibet.f 

This  conception, involves  far-reaching  consequences  in  regard 
to  the  nature  of  the  earth's  interior,  implying  a  superficial  hetero- 
preneity  of  density  and  a  capacity  of  viscous  flowage  toward  that 
figure  of  equilibrium  which  should  tend  to  bring  equal  pressures 
upon  all  parts  of  the  earth's  interior  at  a  certain  depth.  For  this 
condition  of  equilibrium  Dutton  proposed  the  term  of  isostacy,! 
now  fully  incorporated  into  geological  literature.  The  acceptance 
of  the  principle  of  isostacy,  however,  immediately  raises  the  ques- 
tions as  to  how  deep  is  the  zone  within  which  the  heterogeneity 
of  density  producing  the  larger  and  broader  surface  features  is 
confined  ?  What  is  the  percentage  variation  in  the  density  of 
various  parts  of  this  zone  ?  What  is  the  departure  from  true 
isostatic  adjustment  exhibited  by  the  surface  features?  How 
quickly  will  response  take  place  to  destroyal  of  the  isostatic 
adjustment  through  erosion  and  sedimentation  ?  What  is  the 
initial  cause  of  the  internal  differences  in  density  which  lead  to 
the  larger  features  of  the  earth's  surface  and  which  having  once 
originated,  isostacy  tends  to  preserve  ? 

It  is  seen  that  these  questions  involve  fundamentally  the  prob- 

*  Comptes  rendus  de  I'Acad.  des  Sc,  xxix,  p.  730. 
f  Phil.  Trans.  Roy.  Soc.,  vol.  145,  p.  53. 

t**  On  Some  of  the  Greater  Problems  of  Physical  Geology,"  Bull.   Phil. 
Soc.  of  Washington,  vol.  xi,  p.  53,  1889. 
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lems  of  continental  origin  and  maintenance,  mountain-building 
and  the  nature  of  the  earth's  interior.  On  these  subjects  the 
long-felt  need  has  been  for  facts,  and  it  is  for  these  that  the 
present  article  is  especially  valuable.  Mr.  Hayford  has  utilized 
the  triangulation  and  astronomic  determinations  of  latitude  and 
longitude  within  the  United  States.  The  preliminary  results  of 
the  investigation,  which  is  still  in  progress,  indicate  that  the 
most  probable  value  of  the  limiting  depth  of  isostatic  compensa- 
tion is  71  miles  and  that  it  is  practically  certain  that  the  limiting 
depth  is  not  less  than  50  miles  nor  more  than  100  miles.  It  is 
certain  that  for  the  United  States  and  adjacent  regions,  including 
oceans,  the  isostatic  compensation  is  more  than  two-thirds  com- 
plete— perhaps  much  more. 

Internal  variations  of  specific  gravity  to  the  extent  of  three 
per  cent  from  the  mean,  both  above  and  below,  will  account 
for  the  ocean  basins  and  plateaus.  As  a  consequence  of  this 
limited  zone  of  isostatic  compensation  it  is  pointed  out  that 
isostatic  adjustment  involves  a  subsurface  undertow  away  from 
areas  of  sedimentation  and  toward  areas  of  erosion :  this  vis- 
cous undertow  acting  as  a  thrust  tending  to  crumple  back  the 
continental  margins  upon  themselves  and  at  least  aiding  in  the 
formation  of  mountains.  In  this  connection  the  reviewer  wishes 
to  point  out  facts  not  commonly  cited,  viz.:  thai  Major  Dutton 
perceived  as  long  ago  as  1872  the  inadequacy  of  the  still 
popular  hypothesis  of  terrestrial  cooling  as  a  sufficient  source 
of  mountain-making,*  and  in  1889  suggested  the  agency  of 
this  lateral  undertow.f  The  efficiency  of  this  agent  must 
depend  upon  the  depth  of  the  compensating  zone,  its  thickness 
and  viscosity.  It  is  doubtful  if  Mr.  Hay  ford's  figures  justify  ele- 
vating this  factor  to  a  major  place,  but  the  present  limitation  of 
the  zone  makes  it  at  least  a  minor  factor,  and  Button's  suggestion 
in  this  respect  must  stand  as  an  example  of  remarkable  scientific 
prevision.  J.  b. 

2.  Pleistocene  Deposits  of  South  Carolina;  by  Griffith 
Thompson  Pugh  :  A  thesis  submitted  to  the  Faculty  of  Van- 
derbilt  University  for  the  Degree  of  Doctor  of  Philosophy, 
Nashville,  Tenn.,  1905;  74  pp. — This  paper  is  an  attempt  at 
ascertaining  what  must  have  been  the  environmental  conditions 
under  which  lived  the  Pleistocene  mollusca  of  the  state.  To 
that  end  the  species  are  tabulated,  together  with  the  conditions 
of  environment  of  their  living  representatives.  The  conclusion 
is  reached  that  at  lea.st  in  South  Carolina  the  Pleistocene  sea  tem- 
perature, if  differing  at  all  from  that  of  the  present,  was  slightly 
higher  rather  than  slightly  lower.  The  method  of  detailed  and 
tabulated  investigation  is  excellent  and  should  be  followed  out 
for  other  localities.     The  reviewer  would  point  out,    however, 

*  A  Criticism  upon  the  Contractional  Hypothesis,  by  Captain  C.  E.  Dntton, 
U.  S.  A.,  this  Journal,  vol.  viii,  p.  113. 

f  On  Some  of  the  Greater  Problems  of  Physical  Geology,  Phil.  Soc.  of 
Washington,  vol.  xi,  pp.  51-64. 
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that  there  is  nothing  to  show  that  the  fossil  if  erous  beds  con- 
cerned were  deposited  at  a  time  of  maximum  glaciation,  and  this 
possibility  must  be  held  in  mind  in  view  of  the  recent  tendency 
to  enlarge  the  estimates  of  Pleistocene  time  and  to  consider  it  a 
period  of  great  climatic  variability.  Such  a  question  has  greater 
force  since  Collier  Oobb  has  recently  made  note  of  finding 
rounded,  subangular  and  even  striated  cobbles  on  the  Atlantic 
side  of  Currituck  Banks  off  the  North  Carolina  coast,  which  he 
regards  as  having  been  transported  by  icebergs  from  the  New 
England  coast  during  a  period  of  maximum  glaciation.***      j.  b. 

3.  I'he  Geography  and  Geology  of  Alaska,  A  summary  of 
existing  knowledge^  by  Alfred  H.  Brooks,  with  a  section  on 
dim^te,  by  Clbv eland  Abbe,  Jr.,  and  a  topographic  map  and 
description  thereof  by  R.  XJ.  Goode.  Professional  Paper  No. 
45,  U.  S.  Geological  Survey,  1906;  32V  pp.,  xxxiv  pis.,  6  figs. — 
For  all  except  those  who  have  made  a  specialty  of  Alaskan  geo- 
logical exploration,  this  will  be  the  most  valuable  volume  pub- 
lished by  the  government  on  the  geography  and  geology  of 
Alaska,  giving  a  general  view  of  the  physiographic  provinces  and 
of  the  present  knowledge  of  the  country. 

It  shows  what  results  may  be  accomplished  in  the  course  of  a 
few  years  by  government  support  for  the  scientific  exploration 
of  a  previously  unknown  land.  •  Apart  from  the  scientific  results, 
it  is  doubtless  true  that  from  an  economic  standpoint  these 
explorations  have  increased  the  value  of  Alaska  to  the  United 
States  many  times  the  sum  of   money  spent  in  the  explorations. 

J.  B. 

4.  Geology  and  Mineral  Resources  of  part  of  the  Cumberland 
Gap  Coal  Fields  Kentucky  ;  by  George  Hall  Ashley  and 
Leonid  AS  Chalmers  Glrnn,  in  cooperation  with  the  State  Geo- 
logical Department  of  Kentucky^  V>,  J.  Norwood  Curator, 
Professional  Paper  No.  49,  U.  S.  Geological  Survey,  1906  ;  239 
pp.,  xl  pis.,  13  figs. — This  well  written  and  illustrated  report 
contains  40  pages  on  the  general  geography,  physiography  and 
geology  of  the  region,  followed  by  1 70  pages  on  the  geography 
and  stratigraphy  of  the  coals.  The  volume  contains  much  of 
scientific  interest  and  is  of  great  economic  value.  j.  b. 

6.  The  Pleistocene  Deposits  of  Sankoty  fieady  Nantucket^  and 
their  Fossils ;  by  J.  A.  Cushman.  Pub.  Nantucket  Maria  Mit- 
chell Assoc.,  I,  1906,  21  pp.,  3  pis. — This  paper  brings  together 
all  that  is  known  regarding  the  Sankoty  Head  section,  the  occur- 
rence of  the  fossils,  horizons,  a  list  of  the  fauna  (86  species,  of 
which  66  are  Mollusca),  and  another  of  the  literature  of  these 
deposits.  This  paper  should  be  studied  in  connection  with  an 
article  recently  published  on  the  same  deposits,  in  the  Journal  of 
Geology,  December,  1905,  pp.  713-734,  by  J.  Howard  Wilson, 
where  about  15  additional  species  are  listed.  c.  s. 

*  Notes  on  the  Geology  of  Currituck  Banks,  Journal  of  the  Mitchell 
Society,  vol.  xxii,  No.  1,  pp.  17-19. 
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6.  TTie  Tertiary  and  Quaternary  Pectens  of  California ;  by 
Ralph  Arnold.  Prof.  Paper  47,  U.  S.  Geol.  Surv.,  1906,  pp. 
264,  53  pis. — This  extensive  monograph  on  the  Cenozoic  Pectens 
of  California  also  gives  a  very  valuable  "  brief  outline  of  the 
different  Tertiary  and  Pleistocene  formations  of  California" 
and  "  their  typical  fauna  as  far  as  known  "  (pp.  9-40^.  In  order 
to  give  a  clear  definition  of  the  various  Pectens  ana  their  geo- 
logic range,  it  was  necessary  to  examine  "all  of  the  available 
marine  lertiary  paleontologic  material  from  the  west  coast." 
The  total  thickness  of  these  deposits  aggregates  21,000  feet. 
The  classification  of  the  Pectens  is  practically  that  of  Dr.  Dall 
in  "  Tertiary  Fauna  of  Florida." 

The  genus  Pecten  and  its  subgenera  Patinopecten^  N'odipecten^ 
ChlamySy  Lyropecten^  JEquipectefi^  Plagioctenium,  Pseuda- 
fnushan^  Amusium,  Propeamusium^  and  Hinnites  ai'e  defined  on 
pages  45-50.  Of  species  and  varieties  there  are  93,  and  of  these 
50  are  new.  These  are  distributed  as  follows :  £ocene  4 
(restricted),  Oligocene  5  (all  pass  upward),  Miocene  38  (28 
restricted,  4  pass  upward).  Pliocene  37  (10  pass  upward),  Pleisto- 
cene 20  (17  in  recent  faunas),  Recent  25  (16  also  fossil). 

The  illustrations  look  natural,  being  nearly  all  retouched 
photographs  without  attempting  to  show  more  than  the  speci- 
mens reveal.  It  will  therefore  be  easy  for  subsequent  workers 
to  identify  these  species  as  defined  by  Dr.  Arnold.  The  work  is 
thoroughly  up  to  date  and  is  indispensable  to  all  students  of  the 
Mollusca.  c.  s. 

7.  Cambrian  Faunas  of  China ;  by  Charles  D.  Walcott. 
Proc.  U.  S.  Nat.  Mus.,  1906,  pp.  563-595.— This  is  the  third 
paper  on  the  Cambrian  material  collected  by  Mr.  Blackwelder  in 
China.  The  final  report  on  the  fossils  by  Dr.  Walcott,  and  on 
the  geology  by  Dr.  Willis,  will  be  published  next  winter  by  the 
Carnegie  Institution  of  Washington. 

This  paper  describes  34  new  species  and  one  new  genus  Slack- 
welderia.  The  remarkable  abundance  of  Trilobites  in  the  Cam- 
brian is  again  noticeable  in  this  paper,  where  27  species  are 
described.  c.  s. 

8.  Plant  Response  as  a  Meafis  of  Physiological  Investiga- 
tion  ;  by  Jagadis  Chunder  Bose,  M.A.,  D.Sc.  Professor,  Presi- 
dency College,  Calcutta.  London,  New  York,  and  Bombay,  1906. 
(Longmans,  Green  &  Co.) — In  a  previous  notice  of  this  interest- 
ing and  suggestive  treatise,  the  promise  was  given  that  in  a 
subsequent  issue  of  this  Journal  a  short  analysis-  would  be  made 
of  the  principal  chapters.  The  work  is  divided  into  nine  parts, 
which  are  not  of  equal  rank,  some  of  them  being  merely  conven- 
ient headings  for  minor  but  generally  allied  subjects.  Thus,  for 
instance,  two  parts  are  devoted  to  the  Ascent  of  Sap  and  Growth, 
respectively  ;  topics  which  are  special  under  larger  questions. 

Part  First  considers  Simple  Response.  In  this  the  plant  is 
regarded  as  a  machine  responding  to  external  stimuli  and  giving 
distinct  pulse-records.     The  sensitiveness  of  plants  is  practically 
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universal;  according  to  the  author,  wherever  there  is  a  living 
tissue,  no  matter  how  sluggish  it  may  seem,  response  may  be 
elicited  by  appropriate  means.  There  are  certain  conditions 
which  are  conspicuously  favorable  to  the  exhibition  of  mechani- 
cal response,  and  these  conditions  have  been  carefully  studied. 
Such  study  has  convinced  the  author  that  there  is  no  difference, 
except  in  degree,  between  the  ordinary  and  the  so-called  sensitive 
plants.     The  mechanical  response  in  ordinary  leaves  and  the  lon- 

fitudinal  response  of  radial  organs  have  been  examined  in  detail 
y  means  of  newly-devised  apparatus,  which  appears  to  possess 
the  power  of  recording  even  the  slightest  possible  movement 
after  stimulation  of  the  plant  or  its  parts.  The  responsive  curva- 
ture of  raolecularly  anisotropic  organs  receives  a  good  deal  of 
attention,  and  the  complex  phenomena  are  resolved  into  their 
simpler  terms  or  factors.  Lastly,  under  this  heading,  comes  the 
consideration  of  the  relation  between  stimulus  and  response,  and 
also,  the  effect  of  the  superposition  of  stimuli.  Here  tetanus  in 
plants  is  described. 

In  Part  2d  the  author  treats  of  the  modification  of  response 
under  various  conditions.  Here  are  studied  the  theories  concern- 
ing different  types  of  response,  the  effects  of  anaesthetics,  poisons, 
and  other  chemical  agents  on  longitudinal  response.  The  effects 
of  temperature  receive  attention  in  a  special  chapter,  as  does  also 
the  "death-spasm"  in  plants.  The  critical  point  of  death  is 
determined  by  inversion  of  the  thermo-mechanical  curve.  In 
connection  with  this  topic  the  author  examines  at  considerable 
length  the  subject  of  local  fatigue  and  regional  death. 

Excitability  and  conductivity  are  considered  in  Part  3.  Polar 
effects,  electrotonus,  electrotactile  and  electromotive  methods, 
and  the  latent  as  well  as  the  **  refractory "  periods  are  fully 
treated  of.  Then  follows  the  consideration,  in  part  4,  of  multiple 
and  autonomous  response  ;  and  the  similarities  of  rythm  in  ani- 
mals and  plants  are  clearly  stated.  The  ascent  of  sap  and  the 
general  subject  of  growth  are  next  presented,  and  the  supposed 
relations  of  both  to  certain  stimuli  are  insisted  upon.  Following 
come  Geotropism,  Chemotropism,  and  Galvanotropism.  Near  the 
close  of  the  last  chapter  in  this  part  the  author  considers  the 
effect  on  growth  of  '*  electrification  "  of  the  soil.  To  the  subject 
of  Heliotropism  the  author  devotes  the  whole  of  part  8.  He  takes 
up  even  the  effect  of  invisible  radiation  and  the  action  of  the 
high  frequency  Tesla  current.  Torsional  response  receives  a  fair 
share  of  attention.  Besides  this  is  considered  the  topic  of  pulsa- 
tory response  and  the  swimming  movements. 

Part  9  concludes  the  treatise  with  general  reviews  and  a  final 
examination  of  the  continuity  of  physiological  response  in  plant 
and  animal.  Three  features  render  this  work  of  great  interest: 
(1)  the  summaries  at  the  close  of  the  chapters,  (2)  the  descrip- 
tions of  entirely  new  types  of  delicate  apparatus,  and  (3)  the  fact 
that  the  greater  part  of  the  experiments  were  conducted  under 
the  most  favorable  conditions  in  a  tropical  climate  upon  tropical 
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plants.  The  treatise  is  stimulating  and  suggestive  throughout. 
Even  where  one  cannot  agree  with  the  conclusions  of  the  author 
he  must  confess  deep  indebtedness  for  new  lines  of  thought. 

6.  L.  G. 

9.  HeaJther  in  Townaendy  Maes, — In  this  Journal,  Oct.,  1888, 
I  gave  a  full  description  of  the  occurrence  of  CaUuna  vulgaris 
at  a  locality  not  far  from  the  railroad  station  in  West  Town- 
send,  near  the  New  Hampshire  line.  On  Saturday,  July  14, 
1906,  this  place  was  revisited  by  me  for  the  purpose  of  ascertain- 
ing what  changes  might  have  occurred  in  the  distribution  of  the 
plants.  Tn  a  subsequent  notice  1  shall  hope  to  give  details  regard- 
ing the  present  condition  of  the  heather,  but  at  present  I  will 
merely  state  that  the  plant  has  steadily  extended  over  a  larger 
area,  and,  although  in  certain  spots  it  has  suffered  from  various 
agencies,  it  appears  to  be  so  well  established  as  to  wage  a  strong 
and  perhaps  successful  fight  with  the  contending  native  plants. 
The  best  time  to  visit  this  interesting  station  is  early  August.  At 
that  date,  the  whole  area  is  said  to  be  a  mass  of  bloom.  At  this 
present  writing,  however,  there  were  only  slight  indications  that 
the  flowerB  this  year  would  be  numerous,  but  the  dried  capsules 
from  last  year's  blossoms  were  very  plentiful.  g.  l.  g. 

10.  7%e  Biology  of  the  Frog  ;  by  Samuel  J.  Holmes,  Ph.D. 
Pp.  ix-h370,  with  94  figures.  New  York,  1906  (The  Macmillan 
Company). — This  work  is  designed  particularly  as  a  text-book 
for  students  in  the  college  or  university  who  have  had  some 
training  in  elementary  biology.  A  study  of  this  text  accom- 
panied by  suitable  practical  work  in  the  laboratory  will  lead 
naturally  to  the  study  of  comparative  morphology  and  physiol- 
ogy. This  work  is  in  the  broadest  sense  a  natural  history  of  the 
frog,  whose  systematic  position,  relationships,  habits,  food,  ene- 
mies, parasites,  breeding  periods,  hibernation,  powers  of  regen- 
eration, movements,  and  so  on  are  described.  Then  follow  chap- 
ters on  the  external  characters,  internal  structures,  development, 
and  general  histology.  Each  of  the  principal  organ  systems  of 
the  body  is  then  taken  up  in  detail  with  an  account  of  the  func- 
tions of  each  part  accompanying  the  description  of  the  structure. 
The  two  concluding  chapters  deal  with  instincts  and  tropisms, 
and  include  a  brief  discussion  of  the  frog's  intelligence.  The 
figures  and  diagrams,  which  are  carefully  chosen  and  well  printed, 
are  mainly  from  standard  works,  although  a  few  are  original. 
Such  a  detailed  knowledge  of  the  biology  of  a  single  animal  will 
meet  the  needs  of  the  college  student  who  is  preparing  for  the 
study  of  medicine,  and  will  form  a  convenient  reference  book  for 
teachers  of  biology  in  secondary  schools.  w.  b.  c. 

11.^  Course  in  Vertebrate  Zoology,  A  Guide  to  the  Disaec- 
tian  and  Comparative  Study  of  Vertebrate  Animals  ;  by  Henry 
SiiERRixG  Pratt.  Pp.  x  +  299.  New  York  and  Boston,  1906 
(Ginn  &  Company). — The  plan  of  the  book  follows  closely  the 
lines  adopted  by  the  author  in  his  Invertebrate  Zoology,  which 
was   published   several   years  ago  and  has  proven  a  convenient 
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laboratory  guide.  As  in  the  earlier  work,  the  type  system  is  fol- 
lowed, a  single  representative  of  each  of  the  more  important 
groups  of  vertebrates  being  taken  up.  It  contains  not  merely 
directions  for  the  work  in  the  laboratory  but  also  short  descrip- 
tions of  parts  difficult  to  study,  with  brief  statements  as  to  func- 
tion and  morphological  significance.  Each  dissection  is  quite 
independent  of  the  others,  so  that  the  animals  can  be  studied  in 
any  sequence.  Like  its  predecessor,  this  book  is  sure  to  form  a 
valuable  addition  to  the  already  numerous  laboratory  guides. 

w.  B.  c. 
12.  Um  Life  of  Animals.  The  Mammals  ;  by  Ernest  Ingeb- 
SOLL.  Pp.  xi  +  555,  with  numerous  illustrations,  including  16 
colored  plates.  New  York,  1906  (The  Macmillan  Company). — A 
popular  work,  written  in  an  entertaining  style,  containing  a  store- 
house of  facts  about  the  familiar  as  well  as  the  less  generally 
known  animals.  These  facts  of  general  interest  are  brought 
together  from  widely  scattered  scientific  treatises,  books  of 
travel,  and  reports  of  hunters.  Each  of  the  groups  of  mammals 
from  the  highest  to  the  lowest  is  taken  up  in  turn  with  illustra- 
tions, descriptions,  and  anecdotes  of  some  of  the  representatives. 
Many  of  the  illustrations  are  from  original  photographs  and 
drawings  and  greatly  enhance  the  value  of  the  work.     w.  r.  c. 

IL    Miscellaneous  Scientific  Intelligence. 

1.  Recent    Text-hooks  on  Astronomy.  —  A  Compendium  of 
Spherical  Astronomy^  with  its  Applications  to  the  Determination 
and  Reduction  of  Positions  of  the  Fixed  Stars;  by  Simon  New- 
coMfi.      Pp.   viii,  444.      New  York   and   London :    1906    (The 
Macmillan  Company). 

An  Introduction  to  Astronomy ;  by  Forest  Ra.y  Moulton. 
Pp.  xviii,  56V,  with  24  tables  and  50  figures.  New  York:  The 
Macmillan  Company.  London:  Macmillan  &  Company  Ltd., 
1906. 

Laboratory  Astronomy;  by  Robert  Wheeler  Wilson.  Pp. 
ii,  189,  with  89  figures  and  7  tables.  Boston,  New  York,  Chicago, 
London:  1905  (Ginn  <fc  Company). 

The  works  here  noticed  meet  the  needs  of  students  of  Astron- 
omy from  the  Nautical  Almanac  Office  to  the  High  School, 
except  for  the  computation  of  orbits  and  perturbations. 

The  volume  by  Newcomb  is  the  most  important  work  in  prac- 
tical Astronomy  that  has  appeared  in  the  present  generation  and 
is  well  worthy  of  the  reputation  of  its  author.  Aside  from  its 
intrinsic  merit,  it  is  the  more  valuable  as  "  the  first  of  a  pro- 
jected series  having  the  double  purpose  of  developing  the  ele- 
ments of  practical  and  theoretical  Astronomy  for  the  special 
student  of  the  subject,  and  of  serving  as  a  hand-book  of  conven- 
ient reference  for  the  working  Astronomer  in  applying  methods 
and  formulae." 
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If  Professor  Newcomb  completes  the  series  it  will  be  a  worthy 
monument  both  to  himself  and  to  Anierican  Astronomy  and  will 
leave  little  for  other  writers  to  do  until  the  accumulation  of  new 
material  calls  for  a  new  harvest,  in  the  same  way  that  the  present 
work  is  made  necessary  by  the  advance  of  knowledge  since  the 
writings  of  Bessel,  Chauvunt  and  Oppolzer. 

The  most  urgent  want  which  the  present  volume  supplies  is 
that  of  improved  methods  for  deriving  and  reducing  the  posi- 
tions and  proper  motions  of  the  fixed  stars  made  necessary  by 
the  period  of  150  years  through  which  these  positions  now 
have  to  be  reduced.  In  this  and  all  parts  the  book  is  full  of 
new  and  most  valuable  material,  of  which  may  be  mentioned  the 
appendix  of  26  tables,  most  of  which  can  be  found  in  no  other 
text-book,  and  a  chapter  on  observatories  and  star  catalogues. 

Moulton's  Introduction  to  Astronomy  has  the  same  justifica- 
tion as  Newcomb's  volume.  It  is  intended  for  the  student  of 
descriptive  Astronomy  as  a  part  of  general  culture,  and  gives 
access  to  the  stores  of  information  which  have  accumulated  since 
Young's  unequaled  text-books  were  published,  accumulations 
which  frequent  revisions  of  Young's  series  have  not  been  wholly 
adequate  to  keep  pace  with. 

The  amount  of  new  material  is  made  evident  at  a  glance  by 
the  new  cuts  which  meet  the  eye  wherever  the  book  is  opened, 
such  as  Chandler's  diagram  of  the  variations  of  the  pole,  Todd's 
chart  of  paths  of  total  eclipses  up  to  1973,  Maunder's  figure  of 
the  dimensions  and  distribution  of  sun  spots  for  25  years,  a 
spectroheliograph  of  the  sun  by  Hale,  etc. 

Both  in  plan  and  arrangement  the  book  differs  considerably 
from  the  conventional  form,  the  design  being  to  use  something 
of  the  laboratory  method  throughout,  connecting  theory  as  closely 
as  possible  with  practice  and  familiarizing  the  student  with  the 
lines  of  thought  and  chains  of  reasoning  by  which  the  great 
theories  of  the  noblest  of  the  sciences  have  been  developed. 

It  is  too  much  to  expect  the  felicity  of  statement,  the  perfec- 
tion of  clearness  and  conciseness  which  is  found  in  Young's  writ- 
ings. By  comparison  the  writer  seems  somewhat  prolix  and 
lacking  in  perspicuity. 

Wilson's  Laboratory  Astronomy  is  an  excellent  book  to  use 
with  the  preceding  in  a  course  where  time  permits.  It  presents 
a  large  number  of  valuable  practical  exercises  foV  the  average 
student,  carefully  worked  out  and  requiring  such  apparatus, 
largely  of  the  author's  own  devising,  as  can  be  provided  in  quan- 
tities at  small  cost,  so  that  a  large  class  can  be  set  to  work 
together  on  the  same  exercise  (c.  g.  mapping  the  sun's  diurnal 
motion),  under  the  supervision  of  an  instructor  in  an  ordinary 
recitation  room  and  from  data  collected  bv  themselves,    w.  b. 

2.  The  Publications  of  the  Royal  Society  of  London. — A 
circular  recently  issued  l3y  the  Royal  Society  calls  attention  to 
the  present  method  of  publishing  the  Proceedings  in  two  series, 
viz.,  A,  containing   mathematical   and  physical  papers,  and  B, 
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those  of  biological  character.  Volumes  76-77  of  each  series  have 
now  appeared,  of  about  600  pages  royal  octavo,  with  illustrations. 
*'  A  main  object  of  this  new  arrangement  was  to  render  the  Pro- 
ceedings more  accessible  to  workers  by  placing  the  two  groups 
of  subjects  on  sale  separately,  at  a  stated  price  attached  to  each 
separate  part  of  a  volume  when  it  first  appears.  Moreover,  with 
a  view  to  promoting  the  circulation  of  the  complete  series,  it  has 
been  directed  that  a  subscription  paid  in  advance  to  the  Pub- 
lishers at  the  reduced  price  of  15  shillings  per  volume  for  either 
series,  shall  entitle  subscribers  to  receive  the  parts  as  soon  as 
published,  or  else  the  volumes  when  completed,  in  boards  or  in 
paper  covers,  as  they  may  prefer."  Each  number  of  Proceedings 
also  contains  an  announcement  on  the  cover  of  the  more  recent 
memoirs  of  the  Philosophical  Transactions  as  published  separately 
in  wrappers  and  the  prices  at  which  they  can  be  obtained.  It  is 
hoped  that  this  arrangement  may  facilitate  the  prompt  circula- 
tion of  the  journals  of  the  Society. 

3.  PhysiccU  Optica;  by  Robert  W.  Wood,  Professor  of  Ex- 
perimental Physics  in  the  Johns  Hopkins  University.  Pp.  vi,  546, 
with  325  figures.  New  York  and  London,  1905  (The  Macmillan 
Co.). — Prof.  Wood's  book  is  a  remarkably  interesting  compen- 
dium of  our  present  knowledge  of  Physical  Optics.  It  is  very 
complete  and  up  to  date  on  the  experimental  side,  and  while  some 
of  the  mathematical  portion  is  abbreviated,  many  results  are  de- 
rived which  are  found  in  few  if  any  other  books  on  light.  For  ex- 
ample, it  is  proven  that,  for  regular  reflection,  a  surface  must  be 
smooth  to  within  an  eighth  wave  length  (p.  36),  also  that  Fer- 
mal's  Law  requires  that  the  time  be  a  minimum  or  a  maximum  (pp. 
55,  61),  that  the  phase  is  uniform  within  a  quarter  wave  length 
over  a  surface  of  diameter  equal  to  the  wave  length  divided  by 
the  apparent  diameter  of  the  source  =*05™™  for  sun  light  (p.  123); 
further,  Rayleigh's  proof  is  given  that  the  magnification  equals 
the  compression  of  the  wave  front  ( p.  65).  The  reader  is  sur- 
prised to  find  no  reference  to  Wood's  successful  diffraction  color 
photographs.  Considerable  attention  is  appropriately  devoted  to 
the  author's  work  on  sodium  vapor  in  the  region  of  the  D-lines  ;  a 
vapor  with  a  refractive  index  as  high  as  r38  and  a  dispersion 
which  separates  a  double  line  with  components  twenty  times  as 
close  as  the  sodium  lines  by  an  amount  as  great  as  the  distance 
between  the  red  and  the  blue  of  the  spectrum  formed  by  a  60*^ 
glass  prism  (p.  346],  which  shows  enormous  rotation  in  a  magnetic 
field  (p.  426),  which  gives  a  series  of  fluorescent  spectra,  corre- 
sponding lines  in  which  will  appear  upon  stimulation  with  proper 
monochromatic  light  (p.  408)  and  which  exhibits  optical  resonance 

ip.  486)  and  lateral  radiation  of  the  stimulating  light  (p.  45 J), 
'here  is  little  to  criticise.  Misprints  are  few  and  not  such  as  to 
confuse  the  reader.  Does  not  the  graphical  explanation  of  the 
absence  of  a  back  wave  ( p.  8)  assume  what  is  to  be  proven  ? 
The  reviewer  was  unable  to  find  a  clear  derivation  of  the  con- 
dition for  resolution.     As  an  American  book  upon  Mathematical 
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Optics,  it  is  much  to  be  desired  that  we  may  have  before  long 
Prof.    Gibbs'   Lectures   upon   the   Electro-Magnetic   Theory   of 

Light.  ARTHUR  W.  EWKLL. 

Obituary. 

Professor  Henry  A.  Ward,  the  veteran  mineralogist,  scien- 
tific traveler  and  collector,  was  struck  by  an  automobile  in  the 
streets  of  Buffalo  on  July  4  and  died  almost  immediately  after. 
Notwithstanding  his  seventy-two  years  of  age,  he  was  still  in 
full  health  and  vigor.  He  was  born  at  Rochester  on  March  9, 
1834,  studied  at  Williams  College,  at  Cambridge  with  Agassiz, 
and  later  for  four  years  at  the  School  of  Mines  in  Paris.  For  six 
years  from  1869  he  taught  Natural  Science  at  the  University  of 
Kochester,  The  greater  part  of  his  time  and  energy  he  devoted  ' 
to  travel,  with  collecting  in  mineralogy,  geology  and  natural  his- 
tory as  the  main  object  and  incentive.  Throughout  his  life  his 
interest  and  enthusiasm  for  this  work  never  flagged  ;  trips  to 
Europe,  Asia,  Australia,  Africa  and  South  America  were  repeated 
at  short  intervals.  Manv  institutions  have  obtained  their  col- 
lections  through  his  efforts  and  the  large  amount  of  material  he 
accumulated  has  been  the  basis  of  the  Natural  Science  Estab- 
lishment which  bears  his  name. 

During  the  later  years  of  his  life  his  interest  was  particularly 
aroused  by  the  study  and  collection  of  meteorites,  the  very  diffi- 
culty of  the  undertaking  serving  to  stimulate  him.  One  large 
collection  passed  from  his  hands  to  the  Field  Columbian  Museum 
in  Chicago,  and  another  to  Mr.  C.  S.  Bement.  His  efforts  cul- 
minated, however,  in  the  Ward-Coonley  collection  now  on 
deposit  and  exhibition  at  the  American  Museum  of  Natural  His- 
tory in  New  York  City.  Beginning  with  a  small  nucleus  in 
1894,  within  ten  years  it  had  taken  the  first  place  among  the 
great  collections  of  the  world.  This  was  a  unique  work  calling 
for  all  his  energy,  perseverance  and  tact,  together  with  liberal 
expenditure.  Could  the  history  of  the  collection  in  detail  be 
written  it  would  be  full  of  the  interest  of  travel  and  adventure ; 
as  a  typical  case  may  be  mentioned  his  trip  to  Persia  and  inter- 
view with  the  Shah,  leading  to  his  obtaining  a  large  mass  of  the 
remarkable  Veramin  meteorite.*  Up  to  the  day  of  his  death  his 
interest  in  meteorites  and  his  energy  in  obtaining  new  specimens 
were  unabated.  He  had  also  accumulated  a  large  amount  of 
material  relating  to  the  history  and  scientific  investigation  of 
meteorites,  from  which  he  proposed  to  prepare  an  exhaustive 
volume  on  the  subject. 

Baron  C.  R.  vox  der  Osten  Sacken,  the  eminent  Russian 
entomologist,  died  in  May  last  at  the  age  of  seventy-eight  years. 

Dr.  LuDWiG  Brackebuscii,  Professor  of  Geology  at  Hannover, 
died  recently  at  the  age  of  fifty-seven  years. 

♦A  brief  acconnt  is  given  in  this  Journal,  v.  xii,  p.  453. 
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Art.  XVIII. — Ahyasal  Igneous  Injection  as  a  Ca^isal  Condi- 
tion and  as  an  Effect  of  Mouniain^uilding  /  by  Reginald 
A.  Daly,  Ottawa,  Canada. 

[PabliBbed  by  permission  of    the  Canadian  Commissioner,   International 

Boundary  Surveys.] 
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Introductiox. 

The  shells  of  compression  and  tension  in  the  earth, — 
Whether  the  earth,  as  it  cools  and  contracts,  be  solid  and 
highly  rigid  throughout,  or  whether  it  consist  of  a  solid  crust 
with  an  underlying  fluid  substratum,  it  is  generally  held  by 
geologists  that  there  is  a  "level  of  no  strain  "  beneath  the  sur- 
face. The  depth  of  this  level  has  been  computed  for  a  solid 
earth  by  Davison  and  Darwin,  who  have  made  various  assump- 
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tions  which  are  more  or  less  reasonable  provided  the  fact  of 
complete  solidity  is  established.  Their  estimates  for  the  depth 
of  the  zero-strain  level  vary  from  2  miles  to  7*79  miles.* 
With  analogous  assumptions  Fisher  has  calculated  that  there 
will  similarly  be  a  level  of  zero-strain  in  a  crust  overlying 
the  fluid  substratum  of  a  globe  solidifying  from  the  circum- 
ference inwards.  He  found  that  "  if  the  time  elapsed  since  a 
crust  began  to  be  formed  has  been  100  million  years,  the 
depth  of  the  level  of  no  strain  at  the  present  time  will  be 
about  four  miles."f  In  any  case  the  depth  increases  very 
slowly  with  the  time  elapsed  since  the  crust  first  formed. 

Rudski  has  pointed  out  that,  if  the  eartlrs  initial  temper- 
ature were  not  uniform,  the  level  of  no  strain  would,  in  a 
given  time,  be  deeper  than  by  the  amount  calculated  on  the 
assumptions  of  Davison.J  It  is,  in  truth,  probable  that  the 
initial  temperature  increased  downwards.  We  shall  see  that 
there  is  a  grave  reason  for  doubting  the  conclusion  of  Kelvin 
that  an  initial  uniform  temperature  was  secured  through  the 
foundering  of  early  crusts.  The  suggestion  of  LeConte  that  it 
might  be  secured  through  the  operation  of  convection  currents 
is  not  acceptable  to  those  who  hold  the  very  probable  view 
that  the  earth's  internal  density  increases  downward,  not  only 
because  of  increasing  pressure  but  because  of  differences  in 
chemical  composition  as  w"ell.§ 

All  of  these  calculations  have  been  made  on  the  supposition 
that  the  thermometric  conductivity  of  the  material  of  the  earth  is 
a  constant  quantity.  It  is,  however,  most  probable  that  this 
conductivity  decreases  with  rise  of  temperature  and  very 
greatly  increases  on  the  passage  of  liquid  magma  into  solid 
rock.  Forbes  showed  that  the  "  calorimetric  "  conductivity  of 
iroTi  decreases  with  rise  of  temperature,  as  illustrated  in  the 
following  table,  which  is  an  abridged  form  of  his  experimental 
results : 


*  C.  Davison,  Philosophical  Transactions,  Royal  Society  of  London,  vol. 
clxxviiiA,  p.  331,  1887;  G.  H.  Darwin,  ibid.,  p.  242;  C.  Davison,  Proceed- 
ings of  the  Royal  Society  of  London,  vol.  Iv,  p.  141,  1894.  Cf.  M.  Reade, 
Orij^in  of  Mountain  Ranges,  I-ondon,  1886,  p.  121. 

f  O.  Fisher,  Physics  of  the  Earth^s  Crust,  London,  2d  ed.  1891,  appendix, 
p.  45. 

X  M.  M.  P.  Rudski,  Philosophical  Magazine,  vol.  xxxiv,  p.  299,  1892. 

gCf.  J.  LeConte,  American  Geologist,  vol.  iv,  p.  48,  1889.  It  may  be 
noted  that,  in  the  above-mentioned  calculations,  no  account  has  been  taken 
of  the  special  and  important  contraction  characterizing  the  passage  of  lava 
from  the  liquid  to  the  solid  state,  nor,  except  in  the  case  of  Fisher's  estimates, 
for  the  fact  that,  with  a  given  faU  of  temperature,  liquid  lava  (diabase)  con- 
tracts about  twice  as  much  as  solid  lava  (Barns,  Bull.  U.  S.  Oeological  Snr- 
vey,  No.  103,  1893). 

I  J.  D.  Forbes,  Trans.  Roy.  Soc.  Edinburgh,  xxiv,  p.  105,  1867. 
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Similarly,  Weber  measured  the  conductivity  of  gneiss  at  0°C 
and  at  100°C  and  found  the  conductivity  to  be  578/416  greater 
at  the  lower  temperature  than  at  the  higher.* 

Barus  proved  that  the  thermometric  conductivity  of  the 
substance  thymol  increased  56  per  cent  in  passing  from  the 
liquid  to  the  solid  state  at  the  same  temperature  (possible 
through  undercooling).t 

It  is  true  that  condensation  through  pressure  increases  the 
conductivity  for  heat,  but  Arrhenius  has  pointed  out  that  at 
depths  greater  than  only  a  small  fraction  of  the  earth's  radius, 
increment  of  pressure  entails  no  corresponding  increment  of 
condensation.^  This  condition  applies  to  the  (gaseous)  earth- 
matter  which,  at  the  depth  of  several  hundred  miles,  has 
reached  its  co- volume.  At  this  and  at  greater  depths  temper- 
ature may  be  in  complete  control  as  regards  the  conductivity 
for  heat — an  increase  of  temperature  with  still  greater  depth 
involving  a  slow  decrease  of  conductivity. 

These  observations  and  conclusions  indicate,  first,  that 
experimental  studies  on  the  conductivity  of  rock-matter  at  dif- 
ferent temperatures,  in  different  states  of  compression,  and  in 
the  two  states  of  aggregation  (if  such  studies  are  possible),  are 
urgently  needed  ;  secondly,  that  it  is  now  impossible  to  calcu- 
late the  exact  position  of  the  level  of  no  strain  in  the  earth's 
crust.  Nevertheless,  in  an  earth  composed  of  a  crust  floating 
on  a  substratum  which,  because  it  is  fluid  and  hot,  has  a  lower 
thermometric  conductivity  than  the  solid,  cool  crust,  we  might 
expect  the  level  of  no  strain  to  be  well  within  the  crust  even 
if  the  initial  temperature  gradient  were  comparable  to  that 
now  observed  in  the  earth's  superficial  shell.  In  a  personal 
letter  to  the  writer,  the  Rev.  Osmond  Fisher  states  that,  with 
a  liquid  interior,  there  must  be  a  level  of  no  strain  in  the 
cnist ;  and  this  is  apparently  true  no  matter  what  tlie  initial 
temperature  may  have  been.  He  states,  further,  that  "  the 
level  of  no  strain  would  be  the  same  whatever  the  conduc- 
tivity ;  but  the  time  would  not  be  the  same.  The  [K)sition  of 
the  level  would  not  fall  so  rapidly  if  the  conductivity  was  less." 

*  R.  Weber  in  Landolt  and  Bomstein^s  Phys.  Chem.  Tabellen. 
fC.  Bams,  this  Journal,  vol.  xliv,  p.  15,  1892. 

is.  Arrhenius,  Qeol.  Foren.  Stockholm  FOrhandliugar,  vol.  xxii,  pp. 
396-7,  410, 1900. 
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The  shell  above  the  zero-strain  level  is  under  tangential  com- 
pression. The  shells  beneath  that  level,  for  a  considerable  dis- 
tance downwards,  are  under  tension.  On  account  of  the  weight 
of  all  overlying  shells  anv  shell  below  the  zero-strain  level  tends 
to  be  stretched  or  (using  Reade's  term)  to  suifer  "compressive 
extension."  This  tendency  increases  with  depth  to  a  maxi- 
mum in  a  level  computed  by  Davison  for  a  solid  earth  to  lie 
72  miles  below  the  surface.  The  corresponding  level  for  an 
earth  with  a  fluid  substratum  has  been  calculated  by  Fisher  to 
lie  at  depths  of  from  30  to  55  miles,  depending  among  other 
conditions  on  the  temperature  of  solidification.* 

The  hypothesis  of  a  cnist  andJluUl  suhstratum. — There  are 
many  reasons  why  the  doctrine  of  the  earth's  complete  solidity 
is  not  acceptable  to  the  working  geologist.  Some  of  the 
cogent  arguments  against  it  have  been  summarized  by  De 
Lapparentf  and  other  able  writers  on  the  theory  of  the  globe. 
The  strength  of  these  arguments  is  great  and  by  so  much 
favors  the  opposed  doctrine  of  a  fluid  substratum  supporting  a 
solid  crust.  The  astronomic  evidence  for  the  hypothesis  of 
complete  solidity  rested  at  first  on  the  calculations  of  Hopkins 
in  his  w^ell  known  paper  on  the  combined  eifect  of  tidal  pull 
and  internal  fluidity  upon  the  precession  of  the  equinoxes. 
Later  analyses  by  Kelvin  and  Darwin  proved  that  Hopkins' 
conclusions  could  afford  no  "decisive  argument  against  the 
earth's  interior  liauidity."  "Here  we  hav^e  a  remarkable 
instance  of  the  final  abandonment  of  an  argument,  which,  from 
the  portentous  difficulties  of  comprehending  it,  had  proved  too 
hard  for  geologists  to  assail.":}: 

The  stronger  argument,  based  by  Kelvin  and  Darwin  on  the 
observed  and  calculated  magnitude  of  oceanic  tides,  has  like- 
wise suffered  destructive  criticism  by  Fisher.  The  various  dis- 
cussions on  this  most  complicated  subject  show  clearly  thai 
not  enough  is  known  either  of  the  constitution  of  matter  or  of 
the  oceanic  tides  themselves  to  permit  of  certain  mathematical 
determination  of  the  earth's  true  rigidity.  Fisher's  luminous 
Avork  seems  to  prove  that  the  geologist  may  still  accept  as  the 
best  working  hypothesis  the  view  that  the  earth's  "crust"  is  a 
true  crust  and  rests  on  a  shell  of  fluid  magma.  Fisher  has, 
demonstrated  that,  if  the  substratum  is  saturated  with  water- 
gas,  the  bodily  tide  of  the  earth  may  entirely  disappear,  its 
place  being  taken  by  a  density  tide  in  the  substratum.  This 
would  be  true  on  account  of  the  compressibility  of  the  substra- 
tum.§     Since  glass  and  ])resumably  igneous  magma  are  not  only 


*0p.  cit.,  p.  106. 

fSee  the  chapters  on  vulcauism  in  his  **  Traite  de  Geologie. 

JO.  Fisher,  op.  cit.,  p.  88. 

^O.  Fisher,  op.  cit,,  p.  61. 
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somewhat  compressible  but  almost  perfectly  elastic,  the  same 
reasoning  may  possibly  apply  to  an  anhydrous  substratum.* 
Again,  the  recently  developed  view  that  the  great  nucleal 
mass  of  the  earth  is  composed  of  true  gas  immensely  com- 
pressed, must  also  be  reckoned  with  in  the  attempt  to  prove 
rigidity  by  the  oceanic  tides. 

Purpose  of  the  present  paper  ;  acknowledgments, — While 
the  question  as  to  how  much  of  the  earth  is  fluid  is  now  quite 
open,  the  hypothesis  of  crust  and  fluid  substratum  has  many 
special  points  of  advantage.  Many  writers  have  shown  how  it 
agrees  with  essential  observations  on  the  structure  and  histdry 
of  the  rocks  accessible  at  the  earth's  surface.  It  appears,  how- 
ever, that  important  consequences  of  the  hypotliesis,  conse- 
quences involved  in  the  correlation  of  subsurface  tensions 
with  igneous  intrusion,  surface  deformation  and  moimtain- 
building,  have,  so  far  as  known  to  the  writer,  never  been 
systematically  deduced.  This  paper  is  intended  to  form  a 
brief  and  but  qualitative  treatment  of  the  subiect.f 

The  writer  has  pleasure  in  acknowledging  the  great  courtesy 
of  Professor  F.  D.  Adams,  who  aiforded  much  help  in  discuss- 
ing such  physical  constants  of  rocks  as  form  data  required  in 
the  following  hypothesis.  Special  thanks  are  due  to  Dr.  A.  C. 
Lane,  who  has,  by  correspondence,  discussed*  anew  the  relation 
between  subsurface  tensions  and  the  gases  evolved  from  the 
earth's  interior;  also  to  the  Kev.  O.  Fisher  and  to  Professor 
L.  V.  Pirsson,  who,  similarly  by  correspondence,  have  offered 
valued  suggestions.  But,  in  justice  to  these  investigators,  it 
may  be  added  that  they  should  be  clearly  absolved  from  all 
responsibility  in  launching  this  new  hypothesis  on  the  sea  of 
discussion,  which  has  borne  whole  fleets  of  older  hypotheses  of 
mountain-building,  has  sunk  many  of  them,  and  still  floats 
the  more  or  less  battered  but  more  seaworthy  hypotheses. 
The  ribs  of  this  new  vessel  are  few — assumptions  which  them- 
selves may  long  have  to  remain  in  the  workshop  of  geological 
opinion ;  to  these  the  planks  of  argument  have  been  fastened 
and  again  there  is  a  chance  that  the  vessel  is  neither  tiglit  nor 
trim.  Each  postulate  and  almost  every  argument  of  the 
hypothesis  well  merits  a  whole  article  to  itself,  but  their  elabo- 
ration or  destruction  may  wisely  be  left  to  more  skilful  hands. 
This  paper  is  little  more  than  the  barest  statement  of  a  sugges- 
tion which  is  offered  expressly  for  criticism.  The  necessary 
brevity  of  treatment  forbids  that  constant,  explicit  reference 

*  Lord  Kelvin  statefi  that  crystals  and  glasses  probably  possess  elasticity  of 
volnme  **to  perfection  "—art.  **  Elasticity"  in  the  Encyclopaedia  Britan- 
nica,  8d  paragraph. 

f  The  relative  merits  of  the  planetesimal  and  uebnlar  hypothesis  of  the 
earth's  origin  are  not  discussed,  but  the  older  hypothesis  may  be  regarded  as 
basal  to  the  argument. 
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be  made  to  the  actual  facts  of  outdoor  nature  which  would  be 
essential  to  a  thorough  presentation  of  the  hypothesis,  but  it  is 
true  that  each  argument  has  been  made,  as  far  as  possible  to 
the  writer,  with  attention  to  observations  in  the  Held.  In 
fact,  it  has  been  the  direct  call  for  some  kind  of  explanation 
of  structures  and  rock-associations  in  the  British  Columbia 
mountains  that  has  prompted  this  hypothesis.  The  principle 
of  advancing  reasonable  deduction  beyond  the  region  of 
observed  fact  needs  no  apology.  Nowhere  in  dynamic  geol- 
ogy is  an  appeal  to  the  realm  of  the  unseen  more  necessary 
than  in  the  problems  of  orogeny  and  igneous  intrusion.  These 
problems  have  already  reached  the  stage  where  more  observa- 
tions on  the  visible  part  of  the  earth-crust  are  not  so  funda- 
mentally necessary  as  the  reference  of  the  abundant,  now 
accessible,  and  well  recorded  observations  to  an  intelligent 
imagining  of  the  gigantic  forces  aTid  processes  resident  in  the 
earth's  invisible  interior.  The  orology  of  the  future,  even 
more  than  that  of  the  past,  must  rest  on  well-regulated  specu- 
lation. 

The  hypothesis  is  phrased  in  terms  of  a  solid  crust  floating 
on  a  li(|uid  substratum.  It  is  possible  that  gases  originally 
absorbed  in  the  substratum,  according  to  the  conception  of 
Lane,*  should  also  be  considered  ;  but,  on  a  following  page,  a 
reason  for  excluding  them  from  any  large  share  in  crustal 
deformation  is  briefly  noted.  On  that  ground  and  because  of 
the  relative  simplicity  secured  for  the  hypothesis  as  set  forth, 
the  dynamic  influence  of  the  absorbed  gases  is  not  discussed. 
It  will  be  seen,  however,  that  the  expansional  energy  of  gases 
possibly  given  oflF  during  the  solidification  of  the  substratum 
would  furnish  a  condition  favorable  to  the  hypothesis. 

I'liichiess  of  the  Crxist. — The  depth  of  the  level  where  the 
fluid  substratum  is  first  encountered  has  been  estimated  in 
several  ways.  Of  these  estimates,  that  founded  on  the  most 
reliable  determinations  of  the  temperature  gradient  and  of  the 
relation  between  pressure  and  the  fusion  point,  is  clearly 
preferable.  Kelvin  has  shown  that  for  about  25  miles  of 
depth  the  gradient  would  be  essentially  rectilinear  in  a  cool- 
ing globe.  The  generally  accepted  gradient  is  approximately 
one  degree  Centigrade  for  100  feet  of  depth.  This  gradient 
implies  that  at  the  depth  of  about  22*5  miles  a  gabbroid  magma 
would  possess  the  temperature  appropriate  to  complete  fusion  ^ 
at  atmosi)heric  pressure ;  (diabase  melts  at  1170° C.  and  solidi- 
fies at  1095°  C. — Ikrus).  Vogt  has  recently  calculated  that 
the  pressure  of  22*5  miles  of  rock  would  raise  the  fusion-point 
about  50°C.t 

*BiiU.  Geological  Society  of  America,  vol.  v,  1894,  p.  259. 
f  J.  H.  L.  Vo^t,  Die  Silikatschmelzlosnngen,  part  2,  Videnskabs-SelskabetB 
Skrifter,  I.  Math.-naturv.  Klasse,  Christiania,  1901,  p.  210. 
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Completely  fluid  ^abbroid  magma  would  therefore  not  be 
expected  at  a  depth  short  of  24  miles  even  if  the  temperature 
gradient  were  truly  rectilinear.  Allowing  an  extra  mile  of 
depth  to  correspond  to  a  possible  slight  weakening  of  the 
gradient  at  these  depths,  it  follows  that  a  shell  of  gabbro  at 
the  depth  of  25  miles  might  be  completely  fluid.  The  enor- 
mous predominance  of  basalt  in  the  world's  lava-flelds,  especially 
among  the  lava-floods  of  fissure  eruptions,  suggests  the  strong 
probability  that  the  fluid  material  immediately  beneath  the 
crust  has  actually  the  composition  of  gabbro.  It  thus  appears 
permissible  to  regard  25  miles  as  representing  nearly  the  thick- 
ness of  the  crust. 

The  strong  compression  of  the  substratum  would  decrease 
the  average  intermolecular  distance  and  thus  increase  the  vis- 
cosity, but  the  material  remains  a  true  liquid.  Though  the 
viscosity  of  such  a  liquid  is  high,  yet  the  possibility  of  its 
infinite  deformation  and  its  capacity  of  transmitting  pressures 
hydros tatically  are,  in  the  long  periods  of  geological  time,  as 
perfect  as  if  the  substratum  were  comparable  to  water  in 
fluidity.  Its  material  is  a  true  fluid  and  not  a  solid  either 
rigid  or  plastic.  If,  however,  the  substratum  material,  still 
preserving  its  high  temperature,  is  injected  into  higher  levels 
in  the  crust,  where  pressures  are  less,  it  may  become  highly 
mobile  under  small  stresses.  "  It  is  important  to  remember, 
too,  that  the  very  act  of  flow  of  a  viscous  fluid,  by  the  defini- 
tion of  viscosity,  produces  internal  friction  and  additional  heat 
and  renders  it  more  fluid.'- * 

Compression  of  the  substratum  ;  flotation  of  the  crust. — 
The  gabbroid  substratum  at  its  ^ipper  surface  bears  a  pressure 
of  about  12,000  atmospheres.     This  vast  pressure  must  com- 

f)res6  magma  very  considerably.  Barus  has  demonstrated  that 
iquid  napthalene  is  about  four  times  more  compressible  than 
solid  napthalene  at  the  same  temperature.f  If  gabbro  obeys 
the  same  law  even  approximately  under  the  assumed  conditions 
of  pressure  and  temperature,  it  is  possible  to  estimate  roughly 
the  density  of  the  uppermost  shell  of  the  substratum.  Let  it 
be  assumed,  for  example,  tliat  the  specific  gravity  of  crystal- 
lized gabbro  at  0°  C  is  3*02  and  the  volume  100*0.  Its  dens- 
ity when  completely  molten  at  1250°  C.  and  at  latm.  would  be 
about  2*54;  the  volume  would  be  118'8.:j:  Its  compressibility 
would  be  about  four  times  that  of  solid  gabbro,  which  is  prob- 
ably of  about  the  same  compressibility  as  tliat  of  glass,  viz., 
nearly  "0000026  per  atmosphere.  The  pressure  of  12,000  at- 
mospheres  would    reduce   the  volume  to  106*4;   the   density 

*  Quoted  from  a  letter  to  the  writer  from  Dr.  Lane. 
+  C.  Barns,  BuH.  96,  U.  S.  Geol.  Snrv.,  p.  83  fif.,  1892. 
iC.  Barns,  BnU.  103,  U.  S.  Geol.  Sarv.,  p.  25  ff.,  1893. 


202  a,  A.  Daly — Ahyssal  Igneous  Injection. 

would  become  approximately  2*84.  Barus  has  further  shown 
that,  so  far  as  density  is  concerned,  temperature  and  pressure, 
as  these  increase  with  depth  on  the  normal  earth  gradients, 
nearly  counterbalance  each  other's  effects  in  glass,  though 
the  density  should  be  somewhat  increased  with  increase  of 
depth.*  It  is  not  a  violent  assumption  that  the  same  be 
taken  as  true  for  rock-matter  generally.  The  average  density 
of  the  whole  crust  is  thus  nearly  equal  to  the  average  density 
of  its  rocks,  provided  these  are  at  surface  temperature  and 
pressure.  The  average  specific  gravity  of  the  visible  crust  is 
not  far  from  2*75  ;  but  if  the  specific  gravity  of  the  whole  crust 
were  as  high  as  2*80,  it  might  still  float  on  tlie  compressed  gab- 
broid  substratum. 

The  meagreness  of  existing  experimental  data  will  not  allow 
that  statements  concerning  crustal  flotation  can  be  other  than 
in  the  conditional  mood.    It  is  certain  that  the  relation  between 

})ressure  and  the  volumetric  diminution  of  a  fluid  cannot  be 
inear  for  indefinitely  great  pressures.  Yet  the  foregoing  crude 
estimates  clearly  suggest  the  possibih'ty  that  crustal  foundering 
could  not  take  place  if  the  crust  were  even  considerably  thin- 
ner than  it  is  to-day.  When  the  difference  in  the  compressi- 
bility of  solid  and  liquid  lava  at  great  pressure  is,  in  the 
future,  once  determined,  it  will  first  become  possible  really  to 
test  Kelvin's  view  as  to  the  original  cooling  oi  the  earth.  The 
analogy  of  Barus's  experiments  raises  the  suspicion  that  the 
fragments  of  a  foundering  primal  crust  could  sink  only  a 
comparatively  few  miles  into  the  liquid  interior.  They  would 
soon  meet  therein  a  level  where  their  own  density  is  matched 
by  that  of  the  more  compressible  fluid.  Solidification  by  cool- 
ing would  therefore  not  progress  from  the  earth's  center  out- 
wards, but  would  begin  in  a  surface  shell  and  slowly  progress 
inwards. 

Stresses  within  the  crust, — It  seems,  accordingly,  best  to 
conceive  of  the  earth  as  exteriorly  composed  of  a  thin  solid 
shell  characterized  by  tangential  compression,  a  thicker  under- 
lying solid  shell  characterized  by  tangential  tensions,  and  a 
liquid,  gabbroid,  perhaps  highly  viscous  substratum  of  unknown 
thickness.  This  substratum  is  immensely  elastic  as  to  volume 
and  is  compressed  by  the  weight  of  at  least  25  miles  of  crust- 
rock,  l^eneath  the  surface  shell  of  tangential  compression  the 
rate  of  secular  cooling  and  contraction  and  the  consequent 
tension  increase  from  the  level  of  no  strain  downwards  all  the 
way  to  the  substratum.  In  his  first  paper  Davison  calculates 
that  the  average  rending  stress  in  the  lower  shell  is,  after  a 
given  time  (if  there  be  no  relief  by  stretching  or  by  cracking), 
four  times  the  average  compressive  stress  in  the  upper  shell. 

♦C.  Barus,  BuU.  96,  U.  S.  G.  S.,  p.  61,  1892. 
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So  long  as  folding  or  overth rusting  of  the  shell  of  compression 
does  not  occur,  the  two  shells  are  in  physical  continuity  and 
are  strongly  bound  together. 

Secul'ar  accumulation  of  teiisions  and  of  cooling  cracks, — 
It  is  generally  agreed  that,  on  the  contraction  theory  of  moun- 
tain-building, orogenic  folding  and  crumpling  is  possible  through 
the  secular  accumulation  of  compressive  stresses  in  the  outer 
shell.  The  crucial  question  has  not  yet  been  satisfactorily 
answered  as  to  whether  there  may  be  similarly  a  secular  accu- 
mulation of  tension  and  of  its  effects  in  the  inner  shell  of  the 
crust.  If  the  crust  were  a  fluid  of  high  though  finite  viscosity, 
the  accumulation  of  tension  would  be  impossible  to  any  sensible 
extent ;  moreover,  the  weight  of  the  crust  overlying  any  sub- 
shell  would  necessarily  close  all  cavities  almost  as  fast  as  formed 
during  the  slow  secular  cooling.  But  the  average  rock  of  the 
crust  is  a  true  solid  known  to  nave  a  very  low  modulus  of  plas- 
ticity. Pfaff  has,  indeed,  denied  even  the  smallest  measure  of 
true  plasticity  to  the  average  crust-rock,  and  his  experiments 
seem  to  prove  that  massive  rocks  like  granite,  gneiss  or  gabbro 
would,  at  surface  temperatures,  not  flow  under  the  weight  of 
even  25  miles  of  overlying  rock.^'  They  would  rupture  and 
shear,  but  the  deformation  would  not  reach  the  perfection  of 
the  molecular  shearing  implied  in  true  flow. 

A  vertical  crack  due  to  cooling  contraction  would  thus  tend 
to  be  partly  closed  by  shearing  in  of  masses  from  its  walls. 
The  shear-planes  would  be  inclined  to  the  vertical.  Each 
partial  bridging  of  the  crack  makes  further  shearing  and 
closing  of  the  crack  more  and  more  difficult.  A.  greater  weight 
of  crust  would  now  be  required  since  some  support  of  the  load 
is  formed  through  the  local  meeting  of  the  solid  walls.  The 
simple  vertical  stress  becomes  partially  resolved  into  a  com- 
plex network  of  oblique  stresses  tending  to  balance  each  other 
m  the  loci  of  lateral  support.  The  portions  of  the  crack 
occurring  between  these  loci  of  support  may  remain  open 
because  of  the  diminished  shearing  stresses  along  the  still 
gaping  walls.  It  thus  appears  that,  though  all  rocks  at  surface 
temperatures  will  rupture  under  the  weight  of  less  than  6 
miles  of  crust,  yet  the  complete  closing  of  cracks  at  the  same 
temperatures  would  not  be  expected  even  under  the  weight  of 
a  much  greater  thickness  of  crust.  The  depth  of  the  shell 
("zone")  of  fracture  has  been  deduced  from  the  crushing 
tests  of  stone  and  from  the  brilliant  experiments  of  Adams 
and  Nicolson  on  the  deformation  of  marble  enclosed*  in  steel 
collars.  The  former  tests  evidently  do  not  prove  anything  at 
all  definite  as  to  the  pressures  required  to  produce  true  plastic 

•See  Adams  and  Nicolson,  Phil.  Trans.  Royal  Soc.  London,  vol.  cicv, 
p.  367,  1901. 
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flow.  The  flow  of  marble  under  confinement  has  been  pro- 
duced under  relatively  low  pressures,  but  this  is  a  special  phe- 
nomenon, the  result  of  movement  on  gliding  planes.  A  {)en- 
knife  and  a  few  pounds  of  pressure  will  cause  "  flow "  in  a 
crystal  of  calcite.  It  is  safe  to  say  that  similar  conditions  are 
not  found  in  the  average  rock  of  the  crust ;  if  it  flows  at  all  the 
mechanism  of  the  flow  must  be  something  entirely  diflFereiit. 

Deformation  within  the  shell  of  tension  is  not  to  be  esti- 
mated simply  by  tlie  ultimate  strength  of  surface  rock  deformed 
in  the  laboratory.  The  experiments  of  Spring,  Hallock  and 
others  show  that  the  rigidity  of  a  solid  increases  with  pres- 
sures ranging  up  to  those  about  twice  that  borne  by  our  sub- 
stratum.* This  experimental  law  strengthens  the  belief  that 
cavities  may  remain  open  in  the  shell  of  tension.  On  the 
other  hand,  the  downward  increase  of  temperature  -tends  to 
lower  the  internal  friction  and  thus  to  promote  the  closing  of 
cavities.  The  pressure-gradient  (1  atmosphere  to  about  3'7 
meters  of  descent)  is,  however,  steeper  than  the  temperature 
gradient  (1°  C.  to  about  80  meters  of  descent)  and  it  may  well 
be  that  rigidity  actually  increases  through  the  shell  of  tension 
down  to  its  bottom  layer,  where,  on  account  of  the  high  tem- 
perature, the  change  of  state,  from  solid  to  liquid,  is  approached. 

A  further  indication  that  cavities  may  remain  open  in  the 
shell  of  tension  is  indirect  but  none  the  less  noteworthy. 
According  to  the  assumption  generally  held  by  those  adopting 
the  contraction  theory  of  mountain-building,  the  shell  of  tan- 
gential compression,  iree  of  load  and  unconiined  as  it  is  along 
its  upper  surface,  can  nevertheless  for  long  periods  of  time 
endure  without  deformation  a  compressive  stress  perhaps  sev- 
eral times  greater  than  the  weight  of  Ave  miles  of  rock.  It  is 
the  release  of  this  pressure  (which  was  not  relieved  by  simple 
radial  flow  and  thickening  of  the  shell)  that  has  led  to  the 
paroxysmal  growth  of  a  mountain-range.  If  the  outer  shell 
can  long  withstand  such  pressures,  it  is  reasonable  to  believe 
that  the  material  of  most  of  the  shell  of  tension  is  not  perfectly 
plastic  under  the  weight  of  overlying  crust, — a  pressure  which 
is  great  hut,  in  general,  is  only  a  fraction  of  the  accumulated 
tangential  stress  of  compression. 

llie  same  argument  seems  to  apply  also  to  the  conceivable 
closing  of  cavities  through  the  expansion  of  the  compressed 
wall-rocks  which  tend  to  expand  elastically  into  the  opening 
vertical  crack.  For  the  reasons  already  outlined,  this  expan- 
sion must,  under  the  conditions,  take  place,  through  most  of 
the  shell  of  tension,  by  shearing  of  mass  against  mass  leather 
than  by  molecular  flow.  The  induced  partial  closing  of  the 
cavity  would,  here  again,  tend  to  prevent  further  shearing  and 

*For  references  see  review  by  C.  F.  Tolman,  Jr.,  Jounial  of  GFeolog^,  vol. 
vi,  p.  328,  1898. 
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portions  of  the  crack  would  remain  unclosed.  It  is  important 
to  note  that  the  shearing  of  mass  against  mass  due  to  expansion 
along  the  walls  is  not  additive  to  the  effect  of  mass-shearing 
due  to  the  dead  weight  of  crust ;  the  two  kinds  of  deformation 
would  progress  simultaneously,  and  in  proportion  as  masses 
moved  under  the  one  kind  of  stress,  it  would  become  more 
difficult  for  mass-shearing  under  the  other  kind  of  stress  to  take 
place.  Only  at  the  bottom  of  the  shell  of  tension  where  the 
crust-matter  is  in  the  state  intermediate  between  those  of  plastic 
solid  and  viscous  fluid,  would  the  cavities  be  closed  entirely. 

This  part  of  the  argument  may  now  be  summarized.  On 
the  whole  it  seems  probable  that  a  percentage  of  the  whole 
tension  developed  in  the  lower  shell  through  secular  cooling 
remains,  at  any  time  previous  to  mountain-building,  unrelieved 
by  the  stretching  or  cracking  of  that  shell.  At  the  level  of 
zero-strain  (which  is  above  or  not  far  below  the  bottom  of  the 
"  shell  of  rock-fracture")  cooling  tension  is  at  a  minimum  and 
resistance  to  stretching  (shearing)  is  at  a  maximum.  At  the  bot- 
tom of  the  crust  the  cooling  tension  is  at  a  maximum  but  the 
resistance  to  stretching  is  at  a  mininmm.  The  accumulation 
of  tension  and  cooling  cracks  will  therefore  be  at  a  maximum 
at  some  level  near  the  middle  of  the  shell  of  tension.  The 
accumulation  of  compressive  strains  in  the  outer  shell  will  be 
relieved  to  a  certain  extent  by  recrystallization  leading  to  the 
development  of  denser  minerals  \\\  the  shell ;  but  geological 
observation  shows  that,  in  a  long  period  of  time,  enormous 
compressive  stresses  are  alway  stored  until  relieved  by  a  more 
catastrophic  process.  The  accumulation  of  the  tensile  stresses 
in  the  lower  shell  will  be  in  some  direct  proportion  to  the 
degree  in  which  relief  is  withheld  in  the  shell  of  compression. 
Beneath  a  crust  so  diversely  stressed,  there  is  a  compressed, 
elastic  fluid  which  is  ready,  with  relative  suddenness  and  with 
prodigious  force,  to  inject  itself  into  the  shell  of  tension  as 
soon  as  there  is  any  local  relief  of  pressure  or  any  breaking  of 
the  continuity  of  the  shell. 

The  whole  system  is  evidently  in  unstable  equilibrium.  If 
each  shell  were  of  uniform  thickness  and  composition,  and  if 
there  were  no  external  forces  acting  on  the  system,  it  would 
be  difficult  to  forecast  when  or  where  the  strains  could  be 
relieved. 

Inje<;tion  of  indgrna  into  the  shell  of  tension, — But  the 
earth's  crust  is  not  perfectly  homogeneous ;  none  of  the  shells 
is  of  perfectly  uniform  thickness ;  and,  thirdly,  there  are  other 
powerful  forces  acting  on  the  material  of  the  shell  of  tension 
besides  those  leading  to  stretching  during  the  earth's  contrac- 
tion. Of  special  importance  is  the  shearing  of  the  whole  crust 
in  the  torsional  deformation  incidental  to  the  contraction,  or 
in  the  torsion  due  to  tidal  stress.     Slight  as  may  be  the  effect 
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of  a  single  tidal  period,  for  example,  it  will,  in  certain  lines 
appropriately  oblique  to  the  earth's  equator,  tend  to  wrench 
apart  the  crust  even  down  through  its  viscous  bottom  layer. 
To  such  a  powerful  fluid  as  that  composing  the  substratum, 
this  viscous  layer,  suddenly  sheared  or  broken,  is  relatively  a 
solid  mass ;  to  the  searching  fluid  a  plane  of  shearing  in  the 
viscous  layer  is  virtually  a  crack.  Into  that  plane  the  tidal 
pulsations  will  pump  the  fluid,  which  instantly  exerts  its  lateral 
hydrostatic  and  expansional  pressures  on  a  shell  already  prone 
to  recoil  because  of  the  real  though  mild  tension  residual  in 
the  bottom  of  the  shell.  As  the  fluid  thus  works  its  way 
upward,  it  encounters  rock  which  is  increasingly  more  rigid 
and  increasingly  charged  with  accumulated  tension  and  cooling 
cracks.  In  fact,  if  we  conceive  that  the  viscous  bottom  layer 
is  once  completely  penetrated,  it  is  easy  to  believe  that  the 
abyssal  dike  will  be  rapidly  injected  toward  the  top  of  the 
shell  of  tension.  The  shearing-in  of  the  solid  rock  opposes 
the  continued  opening  of  the  potential  fissure,  but  this  shearing, 
as  the  level  of  no  strain  is  approached,  becomes  slower  and 
slower  and  thus  more  and  more  powerless  to  check  the  rapidly 
acting  wedge  of  expanding  fluid. 

The  injection  might  conceivably  (following  Fisher's  idea)  be 
aided  by  the  local  reinoval  of  the  viscous  basement  through 
the  special  attack  of  upward  convection  currents  in  the  sub- 
stratum ;  for  it  is  clear  that  the  injection  is  most  diflicult  at 
its  very  beginning.  Fisher  has  suggested  that  water-gas  given 
off  from  the  substratum  when  it  is  already  injected  into  a 
downwardly-oj)ening  "chasm''  may  contribute  force  tending 
to  widen  the  crack.  However,  such  gas  could  not,  on  this 
hypothesis  (the  gas  being  dissolved  in  the  magma  according  to 
llenry's  law),  segregate  except  by  release  of  pressure.  The 
release  is  a  slow  process.  As  a  means  of  injection  through  the 
viscous  layer  the  solution  of  magma  and  water-gas  would  be 
more  effective  than  the  compressed  anhydrous  magma,  but 
their  activities  would  be  of  the  same  kind.  Fisher  assumes 
that  the  magma  is  saturated  under  a  pressure  of  12,000  atmos- 
pheres. This  implies  that  the  more  rapid  the  outflow  of  lava 
at  a  vent,  the  more  imposing  would  be  the  explosive  phenom- 
ena. It  is  obvious  that  this  is  not  the  case  in  nature.  The 
exceedingly  small  amount  of  water  in  the  lavas  of  fissure-erup- 
tions and  of  the  Hawaiian  calderas  seems,  indeed,  to  show  that 
the  abyssal  fluid  is  essentially  anhydrous.*  The  water  actually 
found  in  lava  and  that  accompanying  explosions  of  the  Vesu- 
vian  type  may  be  all  or  nearly  all  derived  from  the  shell  of 
rock-fracture.  AV^e  conclude  tliat  it  is  wisest  to  find  the  posi- 
tive penetrating  force  of  tiie  magma  in  its  own  elastic  expan- 

*  Cf.  J.  D.  Duna,  Characteristics  of  Volcanoes.  New  York,  1891,  p.  197. 
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sion  operating  wherever  a  line  of  diminished  pressure  is  devel- 
oped in  the  viscous  layer. 
It  is  also  manifest  that,  if  torsional  or  other  shear  is  aceom- 

f>anied  by  vertical  faultino;,  the  abyssal  injection  will  be  still 
urther  facilitated. 

Relief  of  tensions  ihrottgh  abyssal  injection, — Whether  the 
foregoing  hy[>othesi8  be  correct  in  details  or  not,  there  is  no 
doubt  that  abyssal ly-injected  dikes  have  actually  been  fed  from 
the  gabbroid  substratum  upward  to  the  vents  of  iissure  erup- 
tion. Granting,  secondly,  that  there  are  cooling  cracks  and 
considerable    unrelieved    tensions    in   the    crust,   as   already 
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described,  consequences  of  fundamental  importance  seem  to 
be  deducible. 

On  account  of  the  strong  compression  at  the  earth's  surface 
the  magma  of  the  abyssally-injected  dikes  will  not  in  most 
cases  reach  the  surface.  The  act  of  injection  produces  a  great 
change  in  the  conditions  of  equilibrium  in  the  shell  of  tension 
and  therewith  in  the  whole  crust. 

Let  figure  1  represent  a  sectional  view  of  the  system  after 
injection,  the  earth's  curvature  being  neglected  and  the  dike 
being  shown  in  cross-section.  The  level  of  no  strain  is  repre- 
sented as  about  five  miles  below  the  surface — a  depth  some- 
what greater  than  the  maximum  calculated  by  Fisner. — The 
principle  of  the  following  argument  is  not  aifected  if  the  depth 
should  be  a  fraction  of  one  mile  or  as  much  as  six  or  possioly 
more  miles. 

"  A  "  is  a  particle  of  the  crust  within  the  solid  shell  of  ten- 
sion. In  the  stretching  of  the  shell  such  a  particle  must  move 
not  only  radially  toward  the  earth's  center  but  tangentially  as 
well.  If  the  shell  is  homogeneous,  the  weight  of  the  over- 
lying crust  will  tend  to  shear  the  particle  indiflFerently  toward 
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m  or  m'  or  toward  any  one  of  an  infinite  number  of  other 
points  lying  in  the  circumference  of  a  horizontal  circle  circum- 
scribed about  the  vertical  passing  through  A  and  with  radius' 
A7/1.  The  shear-movement  of  particle  A  is,  however,  strictly 
controlled  in  direction  so  soon  as  a  liquid  dike  is  injected.  At 
the  level  of  A  the  point  O  in  the  wall  of  such  a  dike  bears  a 
combined  hydrostatic  and  elastic  pressure  from  the  magma. 
The  former  pressure  is  sensibly  equal  to  the  weight  of  the- 
column  of  rock  Ax ;  the  maximum  elastic  pressure  equals  the 
weiglit  of  the  column  Ay.  The  total  of  these  pressures,  repre- 
sented by  the  line  O;^,  is  equal  to  the  oppositely  directed  force 
O'/i'  on  the  other  wall  of  the  dike.  On  is  not  only  a  positive 
force  compressing  the  matter  between  O  and  A ;  it  is  also,  and 
yet  more  significantly,  a  directive  force  which  determines  the 
direction  in  which  particle  A  must  move  as  it  is  aifected  by 
the  tensional  pull  of  secular  cooling  and  by  shear  during  the 
compressive  extension  (stretching)  of  the  shell  of  tension.  As 
long  as  the  dike  remains  fluid,  particle  A  will  move  in  the 
direction  of  the  arrow  A7n\  The  condensation  of  matter, 
which,  before  the  dike-injection,  had  been  only  potential 
(being  due  to  the  accumulation  of  tensions  and  cracks  in  the 
shell),  now  becomes  actual.  As  particle  A  is  forced  toward  m\ 
a  neighboring  particle,  A^  on  the  same  level  and  to  the  right 
hand  of  A,  is  similarly  brought  under  pressure  and  moved  in 
the  direction  of  the  arrow  Aw'.  A,  communicates  its  motion 
to  A,  and  so  on.  The  pressure  at  O  is  thus  felt  wuthin  the 
shell  as  far  away  from  the  dike  as  the  relief  of  the  accumu- 
lated tension  and  the  closing  of  cooling  cracks  can  take  place. 

The  movement  of  particles  A,  A„  A„  etc.,  is  analogous  to 
the  work  of  a  railway  engine  pushing  down  a  train  of  cars 
which  had  been  standing  on  a  grade  with  each  coupling  pin  at 
full  length  because  of  the  grade.  Buffer  meets  buffer,  com- 
municating the  pressure  of  the  engine.  If  the  train  had  been 
nicely  poised,  just  ready  to  move  before  the  pressure  was 
applied,  and  if  the  grade  were  indefinitely  long,  a  small  pres- 
sure would  set  in  motion  a  train  of  indefinite  length.  The 
analogy  is  not  perfect  since  the  creep  of  the  particles  in  the 
shell  of  tension  is  not  free  but  is  controlled  by  internal  fric- 
tion and  by  the  strong  adhesion  between  the  shells  of  com- 
pression and  tension.  Nevertheless,  it  is  not  diflScult  to  believe 
that  lateral  creep  would  l>e  set  up  at  a  distance  perhaps  several 
times  the  thickness  of  the  whole  crust. 

Since  the  conditions  are  precisely  the  same  for  particles  B, 
Bj  (to  the  left  of  B),  B„  etc.,  there  will  be  similar  creep  on 
the  side  of  the  dike  op])osite  to  A  in  the  direction  01  the 
arrow  OV.  The  dike  is  thereby  widened.  The  correlative 
injection   of  new   fluid    magma   makes   this   new   system   of 
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motions  self-perpetuating  until  the  attainable  relief  of  tensions 
and  closure  of  cracks  is  accomplished. 

Thereafter,  two  possibilities  are  open.  The  now  much 
widened  dike  may  have  lost  sufficient  heat  to  solidify.  The 
system  of  directed  creeps  or  lateral  movements  will  then  be 
exchanged  for  an  undirected  compressive  extension  similar  to 
that  which  prevailed  before  the  injection.  Or,  if  the  dike 
remains  fluid,  it  will  cause  an  indefinite  continuance  of  lateral 
creep  keeping  pace  with  the  differential  cooling  contractions 
in  the  shell  of  tension.  In  the  former  case,  the  injection  of  a 
second  and  of  yet  later  dikes  is  possible,  and  their  net  effects, 
provided  these  dikes  are  elongated  in  the  same  general  eartli- 
zone,*  are  additive  to  those  of  the  first  dike.  Tidal  or  other 
torsion  may  locate  such  a  zone  of  special  igneous  injection. 

Doicn-warping  of  the  surface  as  a  result  of  abyssal  injec- 
t'wn. — We  have  seen  that  lateral  creep  will  be  fastest  some- 
where near  the  middle  level  of  the  shell  of  tension,  because  it 
is  there  that  the  defect  of  condensation  of  matter,  shown  in 
cooling  crack  and  in  residual  tension,  is  at  a  maximum.  The 
ensuing  condensation  of  matter  in  the  shell  is  at  a  maximum  in 
the  immediate  vicinity  of  the  zone  of  injecti(m  and  gradually 
decreases  to  each  side  of  the  zone.  Since  the  two  shells  are 
still  solidly  knit  together,  the  enforced  creep  of  matter  to  right 
and  left  of  the  great  dikes  involves  a  strong  downward  pull 
exerted  on  the  shell  of  compression.  A  down-warp  of  the 
earth's  surface  is  thus  established.  The  initial  down-warp  is 
of  length,  breadth  and  depth  dependent  on  the  magnitude  of 
the  injected  body  or  bodies.  Where  the  injection  is  on  a  large 
scale  the  down-warp  may  be  of  geosynclinal  dimensions. 

The  down-warping  implies,  however,  that  the  former  nice 
balance  of  stresses  in  the  zone  of  compression  is  destroyed. 
Those  stresses  will  henceforth  tend  directly  to  increase  the 
down-warp.  Sedimentation  within  the  down-warp  increases 
the  weight  on  the  creeping  material  of  the  shell  of  tension, 
which  is  also  now  beginning  to  feel  a  small  downward  pres- 
sure, a  component  of  the  total  thrust  of  the  now  bent  shell  of 
compression.  The  down-warping  of  the  surface  may  thus 
gradually  increase  even  after  all  magmatic  injections  in  the 
zone  of  tension  have  frozen  solid. 

TJie  conditions  for  inountain-building, — The  shell  of  com- 
pression is  now  weakened,  as  experimentally  illustrated  by 
Willis  in  his  memoir  on  mountain-building.f  The  weakening 
is  most  felt  in  the  two  lines  where  the  down- warped  surface 
parts  from  the  spheroidal  curve  of  the  earth.     If  sediment 

*  Throughout  this  paper  the  word  **  zone"  is  used  in  its  proper  mathe- 
matical sense  of  a  *' portion  of  the  surface  of  a  sphere  included  between 
two  parallel  planes." — ^As  prevailingly  defined,  the  ** zone  of  fracture"  in 
the  earth  may  here  be  profitably  called  the  '*  shell  of  fracture." 

f  B.  WiUis,  13th  Annual  Report,  United  States  Geological  Survey,  p.  217, 
1898. 
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accumulates  to  the  depth  of  many  thousands  of  feet  in  a  geo- 
synclinal,  the  material  of  the  original  shell  of  compression  is 
softened  by  the  rising  of  the  isogeotherms,  while  the  strength 
of  the  new  shell  of  compression  occupied  by  the  sediments  is 
low  because  of  the  poor  consolidation  of  this  new  formation. 
For  a  double  reason,  therefore,  a  broad  zone  of  weakness  in 
the  shell  of  compression  is  developed  over  the  zone  of  igneous 
injection.  Sooner  or  later  the  secular  accumulation  of  com- 
pressive stresses  will  express  itself  in  the  orogenic  collapse  of 
the  shell ;  the  building  of  an  alpine  mountain  range  is  begun. 
The  most  serious  objection  to  the  contraction  theory — that 
the  earth's  amount  of  contraction  is  insufficient  for  the  orogenic 
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Fig.  2. — Diagrammatic  cross-section  showing  the  relation  of  a  geoaynclinal 
to  a  zone  of  abyssal  injection.  C  (vertical  lines) — shell  of  tangential  com- 
pression ;  T  (blank) — shell  of  tangential  tension  ;  S  (stippled) — substratiim. 
The  smaller  arrows  show  the  direction  of  compressive  stresses ;  the  larger 
arrows  show  direction  of  rock-creep  in  the  shell  of  tension.  The  original 
position  of  the  surface  before  the  geosynclinal  down-warping  is  shown  by 
the  dotted  line.  Some  of  the  injected  bodies  of  magma  are  represented  as 
of  batholithic  size ;  the  same  amount  of  rock -creep  in  the  shell  of  tension 
and  of  down-warping  of  the  surface  would  have  been  produced  by  the 
injection  of  smaUer  bodies,  more  numerous  and  also  closely  spaced  in  the 
zone  of  injection.  Scale  :  about  65  miles  to  one  inch  ;  the  curvature  of  the 
earth's  surface  is  exaggerated  about  ten  times. 

work  actually  done  through  geological  time — has  been  founded 
on  mathematical  deductions.  As  with  the  so-called  demon- 
stration of  the  earth's  extreme  rigidity,  the  deductions  are  no 
stronger  than  the  assumptions  as  to  the  interior  economy  of 
the  globe.  If  the  earth's  vast  nucleus  is  gaseous,  as  seems  so 
highly  probable,  the  larger  part  of  the  earth  may  be  cooling 
and  contracting  according  to  different  laws  from  those  hitherto 
accepted  as  a  basis  for  calculation.*  For  example,  the  con- 
traction of  the  nucleus  mav  follow  a  modified  '*  law  of  Charles": 
secondly,  we  should  expect  that,  with  cooling,  there  will  be, 
within  the  globe,  the  liquefaction  of  gas  as  well  as  the  solidifi- 
cation of  liquid — both  changes  of  state  possibly  being  accom- 
panied with  special  diminutions  of  volume.  The  phenomenon 
of  earth-contraction  may  thus  be  much  more  complicated  than 
it  has  been  assumed  to  be,  but  the  added  complications  would 
probably  be  favorable  to  the  contraction  theory  of  crustal 
deformation. 

*  Cf .  S.  Anhenius,  Geol.  Fbren.  Stockholm  Forhandliugar,  xxii,  p.  895. 
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Expansion  of  the  eariKs  outer  sheU  as  a  factor  in  moun- 
tain-Suilding. — But  there  is  good  reason  to  believe  that  the 
contraction  theory,  as  nsually  stated,  carries  only  half  a  truth. 
Both  advocates  and  opponents  of  the  theory  have  generally 
spoken  of  the  collapsing  surface  shell  as  of  nearly  constant 
circumference  since  the  time  of  original  crustification,  except 
for  the  amount  of  overthrust  and  overfold  represented  m 
folded  and  faulted  regions.  This  shell  is,  indeed,  conceived  as 
itself  having  slightly  shrunk  through  loss  of  heat  during  geo- 
logical time,  little  or  no  emphasis  being  placed  on  those 
agencies  which  tend  to  counterbalance  this  shrinking  and  even 


MOUNTAIN         RANGE 


TiiJ 


^lo.  8. — Diagrammatic  oroes-section  showing  relation  of  monntain-boilding 
to  simnltaneoiui  and  sabseqiient  abyseal  injection  of  magna.  Scale  and 
BjmboLi  the  same  as  in  figure  3.  a-6  (heavy  Une) :  the  sorf  ace  on  which  the 
shell  of  compression  shears  oyer  the  shell  of  tension  in  the  orogenic  thrust- 
moYement.  Two  large  batholiths  of  slightly  different  ages  are  represented ; 
the  monntain-bnilding  is  supposed  to  have  been  jutit  completed.  The 
igneous  bodies  injected  and  crystallized  before  the  epoch  of  mountain- 
bnilding  are  not  shown. 

E reduce  a  net  expansion  of  the  shell.  Nevertheless,  it  seems 
ighly  probable  that  the  original  shell  has  actually  grown 
larger  instead  of  remaining  sensibly  of  constant  circumfer- 
ence, and  that  a  part,  perhaps  the  greater  part,  of  the  circum- 
ferential shortening  ooserved  in  the  world's  mountain  ranges 
is  due  to  this  fact. 

The  outer  skin  of  the  earth,  including  its  overthrust  por- 
tions, may  grow  areally  larger  according  to  two  different  pro- 
cesses. 

a.  Local  cavities  produced  in  the  shell  of  compression  by 
crustal  readjustments  may  be  rapidly  filled  with  magma  from 
beneath  or,  more  slowly,  with  vein  matter  deposited  from  cir- 
culating waters.  True  magmatic  injections,  such  as  dikes, 
laccolitns,  "  chonoliths,"*  etc.,  and  possibly  a  percentage  of 
batholithic  irruptions  represent  just  so  much  additional  matter 
squeezed  into  the  shell.  These  wedges  when  solidified,  like 
all  the  countless  mineral  veins,  aid  in  transmitting  and  increas- 
ing the  thrusts  affecting  the  shell  as  it  collapses  on  the  shrink- 
ing "nucleus"  of   the   earth.      This   view   has   been   clearly 

*  Defined  in  Journal  of  Geology,  vol.  xiii,  p.  498,  1905. 
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enforced  and  illustrated  by  Shaler*  and  must  be  regarded  as 
embodying  a  true  condition  of  crustal  deformation. 

h.  Still  more  important  is  the  consideration  that  the  shell  of 
compression  is  the  home  of  those  metasomatic  changes  in 
rocks  that  lead  to  expansion  of  volume.  One  of  the  most  strik- 
ing results  of  Van  Rise's  researches  in  metamorphism  is  his 
conclusion  that  in  this  shell  the  average  effect  of  hydration, 
carbonation  and  oxidation  is  to  cause  such  expansion  on  a  sur- 
prisingly large  scale.f  For  example,  if  a  gabbro  were  com- 
pletely altered  according  to  the  normal  reactions  in  the  "  kata- 
morphic  zone "  (which,  in  position  and  depth,  is  very  nearly 
identical  with  our  shell  of  compression),  there  would  be  a 
volumetric  increment  of  at  least  25  per  cent.  If  the  entire 
shell  were  gabbroid,  and  if  but  4  per  cent  of  its  substance  had, 
in  post-Archean  time,  been  similarly  hydrated  and  carbon- 
atized,  the  volumetric  increase  would  be  about  sufficient  to 
explain  all  of  the  observed  overthrusting  and  overfolding  of 
post-Archean  mountain-ranges.  The  rocks  of  the  continental 
plateaus  are,  however,  largely  composed  of  quartz  and  ortho- 
clase,  two  minerals  which  do  not  show  volumetric  expansion 
in  their  alteration.  The  part  of  the  shell  underlying  the  deep 
ocean-basins  is  of  unknown  composition,  but  pendulum  obser- 
vations and  other  general  considerations  suggest  that  this 
greater  part  of  the  sliell  is  basaltic,  and  has,  in  general,  never 
been  exposed  to  subaerial  erosion.  Under  the  deep  seas  especi- 
ally the  maximum  amount  of  metasomatic  expansion  and  the 
maximum  accumulation  of  corresponding  compressive  stress 
might,  accordingly,  be  expected.  It  is  conceivably  to  this 
cause  that  we  may  refer  the  fact  that  the  thrust  of  mountain- 
building  has,  throughout  the  world,  been  chiefly  from  the 
ocean  toward  the  land.  In  any  case  the  average  result  of  the 
alteration  of  rocks,  whether  by  cold  descending  waters  or  by 
hot  ascending  waters,  or  by  water  trapped  within  the  shell, 
and  with  all  allowance  made  for  solution  of  mineral  matter 
which  is  thus  removed  to  the  oceans,  is  to  bring  about  expan- 
sion of  volume  within  the  shell.  This  expansion  must  be 
accomj)anied  by  tremendously  energetic  compressive  stresses; 
the  process  is  homologous  to  the  hydration  of  a  bed  of  anhy- 
drite. Since  these  chemical  reactions  take  place  mainly  along 
more  or  less  vertical  cracks,  fault-planes,  joints,  etc.,  the  expan- 
sional  force  will  be  chiefly  directed  in  planes  parallel  to  the 
earth's  surface.  The  relief  of  the  strains  through  simple 
vertical  expansion  is  resisted  by  the  strength  of  the  unaltered 
rock  lying  between  the  vertical  zones  of  chemical  alteration. 

♦  N.  S.  Shaler,  Science,  xi,  p.  280,  1888. 

t  C.  R.  Van  Hise,  Treatise  on  Metamorphism,  Monograph  zlvii,  U.  S. 
Geol.  Surv.,  pp.  631   ff. 
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It  is  HMUoifestly  impossible  to  test  these  conceptions  quanti- 
Atively,  thns  comparing  tlieir  calculated  effects  with  the 
mown  needs  of  the  orogenic  problem.  Yet  they  are  worthy 
»f  attention  as  valuable  adjuncts  to  the  thermal-contraction 
heory  of  mountains.  "  It  may  in  the  end  turn  out  that  moun- 
ains  are  the  result  of  a  tolerably  complicated  series  of  causa- 
ions,  in  which  secular  refrigeration  of  the  earth,  the  transfer 
>f  weight  by  the  operations  of  erosion  and  deposition,  and  the 
ubterranean  migrations  of  matter,  all  take  a  part."*  The 
inergy  for  crustal  deformation  may  thus  lie  in  the  combination 
>f  two  immense  forces — the  force  involved  in  massive  read- 
ustments  within  an  entire  cooling  planet,  and  the  force 
nvolved  in  the  molecular  readjustments  among  its  recrystalliz- 
ng  ultimate  particles.  Other  causes,  such  as  the  torsional 
hears  expected  in  a  planet  suffering  a  progressive  change  in  its 
ate  of  rotation,  may  further  supplement  those  causes  which 
lave  here  been  brieny  noted  as  seemingly  the  most  important. 

Renewed  abyssal  injection  following  moxintain-huilding : 
levelopinent  of  hatholiths. — The  extent  to  which  shortening  of 
he  transverse  axes  of  the  world's  mountain  ranges  has  occurred 
hows  that  each  orogenic  revolution  has  been  accompanied  by 
,  wholesale  shearing  of  the  shell  of  compression  over  the  shell 
>f  tension.  The  surface  of  shear  is  probably  not  far  from  the 
evel  of  no  strain. 

One  effect  of  the  shearing,  faulting  and  crumpling  may  be 
o  squeeze  small  bodies  of  magma  up  into  the  upper  shell. 
3ut  the  grandest  results  of  igneous  intrusion  would  be  felt  in 
he  shell  of  tension.  The  instant  that  the  two  shells  are 
beared  asunder,  the  tensions  that  have  been  accumulated 
)ecause  of  the. solid  continuity  of  the  two  shells,  and  are  still 
esidual  after  the  preceding  injection  of  magma,  are  relieved. 
The  shell  of  tension  is  henceforth  free  to  contract  on  itself. 
\.  fluid  dike  now  injected  into  this  shell  or  a  dike  injected 
previous  to  the  shearing  but  still  fluid,  would  tend,  according 
o  the  process  already  described,  and  especially  because  of  the 
nergetic,  spontaneous  retreat  of  the  country-rock  on  either 
ide,  to  enlarge  itself.  Opposed  to  the  active  retreat  and 
inforced  creep  of  the  solid  rock  of  the  shell  away  from  the 
niddle  plane  of  the  dike,  and  thus  to  the  ready  contraction  of 
he  shell,  is  the  friction  developed  at  the  surface  of  shear. 
Jince  the  shear  is  directed  tangentially  with  respect  to  the 
urve  of  the  earth,  the  strength  of  the  friction  is  measured 
lirectly  by  the  weight  of  the  sliell  above  the  shear-surface. 
^t  the  upper  extremity  of  a  dike  which  reaches  exactly  to  the 
hear-surface,  the  hydrostatic  pressure  exerted  on  the  dike-wall 
3  somewhat  greater  than  the  weight  of  the  shell  above  the 
heajr-surface.     The  m^ma  has,  in  addition,  the  live  energy 

.  ♦N.  S.  Shaler,  op.  cit.,  p.  281. 
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of  elastic  expansion  measured  by  the  compression  due  to  the 
weight  of  the  whole  shell  of  tension.  The  net  effect  of  these 
forces  is  to  permit  of  the  contraction  of  the  shell  already  prone 
to  movement  on  account  of  the  sudden  relief  of  tension,  and  to 
cause  a  widening  of  the  dike  which  may  assume  batholithic 
proportions.  It  is  important  to  note  tliat  the  recoil  within  the 
shell  due  to  the  relief  of  tensions  will  characterize  the  wliole 
of  the  area  over  which  the  shells  of  tension  and  compression 
have  been  sheared  apart ;  this  area  may  be  several  tnousand 
miles  in  diameter.  The  piling  up  of  the  mountain-mass  above 
would  also  cause  an  enhanced  rapidity  or  lateral  flow  in  the 
shell  of  tension  and  likewise  widen  the  magmatic  chamber. 
Injection  into  the  mountain-rocks  themselves  would  only  be 

f)08sible  where  there  is  local  relief  of  compression  in  the  now 
leterogeneous,  uneaually  squeezed,  and  writhing  mass.  Since, 
in  the  nature  of  ttie  case,  compression  generally  dominates, 
igneous  injection  will,  in  this  period,  afford  but  small  geologi- 
cal bodies  as  constituents  of  the  range. 

At  the  mountain-roots  below  the  surface  of  shear  there  are 
one  or  more  great  bodies  of  gabbroid  magma  specially  injected 
as  a  result  of  mountain-building.  Through  tne  physical  and 
chemical  activity  of  this  magma  the  acid  igneous  stocks  and 
batholiths  so  characteristic  of  mountain-range  of  the  alpine 
type,  may  possibly  be  explained  by  the  assimilation-differentia- 
tion theory.*  The  cycle  of  changes  which  have  affected  our  ini- 
tial system  (compression-shell,  tension-shell  and  fluid  substra- 
tum) thus  began  with  igneous  intrusion  and  closes  with  igneous 
intrusion.  On  account  of  the  relief  of  compressive  strains  in 
the  superficial  shell,  the  latest  and  probably  greatest  intrusive 
bodies  are  free  locally  to  flux  or  stope  their  way  well  into  the 
shell  of  fracture. 

With  certain  assumptions,  several  authorities  have  calculated 
that  the  level  of  no  strain  has  always  lain  at  a  depth  no  greater, 
or  but  very  little  greater,  than  the  bottom  of  the  shell  in 
which  rocks  can  readily  fracture.f  In  rising  through  the  shell 
of  tension  the  gabbroid  magma  has  expanded  so  much  and 
attained  such  low  viscosity  that  down-stoping  and  abyssal 
assimilation  of  shattered  roof-blocks  is  now  possible.  To  the 
differentiation    of   the   compound   magma  so    produced,   the 

f:ranitic  batholiths  and  stocks,  many  injected  laccoliths,  "  chono- 
iths"  and  dikes,  as  also  many  lavas  more  acid  than  gabbro, 
have  been  attributed.  There  are  reasons  for  believing  that 
magmatic  stoping  is  much  more  potent  than  fluxing  assimila- 
tion on  main  contacts.  If  granites,  etc.,  are  really  secondary 
after  the  manner  indicated,  they  can  only  be  formed  in  the 
shell  of  fracture  and  on   the  large  scale  where  the  tangential 

*See  R.  A.  Daly,  this  Journal,  vol.  xr,  1903,  p.  269;  vol.  xvi,  1908,  p.  107; 
vol.  XX,  1905,  p.  185. 

f  The  limits  of  the  shell  of  ready  fractnre,  as  conceived  by  Van  Hise,  are 
BhowB  in  Fig.  1. 
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compression  of  the  superficial  shell  is  relieved.  Otherwise 
stoping  is  impossible,  for  a  large  magma  chamber  could  not 
remain  open  m  the  zone  of  nnrelieved  compression.  Granites 
and  allied  rocks  are,  by  this  hypothesis,  primarily  mountain- 
rocks.    That  this  is  the  fact  hardly  needs  statement. 

Vulcanism  as  a  result  of  mountainrbuUding. — By  the 
inevitable  settling-down  and  block-fanlting  which  follow  the 
orogenic  paroxysm,  both  primary  basaltic  lava  and  secondary 
lavas  of  indefinite  variety  may  be  squeezed  out  to  the  surface. 
Volcanic  activity  is  not,  oy  the  hypothesis,  necessarily  confined 
to  zones  of  intense  mountain-buifding,  but  should  be  specially 
developed  in  those  zones.  The  volcanic  problem  and  the 
orogenic  problem  are  in  general  both  related  to  the  same 
necessity  of  understanding  the  mechanical  rearrangements  when, 
for  any  reason,  fluid  material  from  the  substratum  is  injected 
into  tne  shell  of  tension. 

Summary. 

Postulates. — The  assumptions  on  which  the  foregoing 
hypothesis  has  been  based  are  the  following : 

a.  A  cooling  earth  superficially  composed  of  a  relatively 
thin  crust  overlying  a  fluid  gabbroid  substratum  of  unknown 
thickness. 

b.  The  substratum  so  much  compressed  by  the  weight  of  the 
crust  as  to  be  probably  able  to  float  the  crust. 

c.  Through  differential  cooling  contraction  the  development 
of  a  level  of  no  strain  in  the  crust  not  far  from  the  bottom  sur- 
face of  the  shell  of  rock-fracture. 

d.  The  accumulation  of  pressure  in  the  shell  of  compression 
and  the  simultaneous  accumulation  of  cooling  cracks  and  of  some 
of  the  powerful  tension  unrelieved  in  the  shell  below  the  level 
of  zero-strain. 

e.  A  steady  or  recurrent  dislocation  of  the  shell  of  tension 
permitting  of  the  forceful  injection  of  the  fluid  substratum  to 
which  even  the  viscous  layer  of  the  shell  acts  as  a  relatively 
solid  mass  at  the  moment  of  dislocation.  This  dislocation  has 
been  referred  to  the  tidal  torsion  of  the  earth's  crust,  but  sub- 
equatorial  torsion  on  the  tetrahedral  theory  of  the  earth,  or 
crustal  deformation  due  to  the  play  of  other  cosmical  forces 
or  of  forces  induced  by  the  heterogeneity  of  the  crust,  may  simi- 
larly cause  dislocation  in  the  shell  of  tension. 

Conclusions, — 1.  The  abyssal  injection  involves  condensation 
of  the  matter  in  the  shell  of  tension.  Cracks  are  closed  and  much 
of  the  accumulated  tension  is  relieved  by  an  enforced  creep  of 
matter  away  from  the  injected  body.  So  long  as  the  body  re- 
mains fluid  the  stretching  of  this  shell  due  to  continued  cooling 
of  the  earth  is  accomplished  by  creep  of  matter  in  the  same 
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directions.  The  amount  of  creep  is  at  a  maximum  above  the 
zone  of  injection  and  decreases  to  a  minimum  at  certain  dis- 
tances to  right  and  left  of  tlie  middle  line  of  the  zone. 

2.  This  lateral  creep  induces  a  down-warp  of  the  earth's 
surface  immediately  overlying  the  zone  of  condensation.  The 
resulting  geosynclinal  may  be  the  seat  of  prolonged  sedimenta- 
tion. It  so,  the  weight  of  the  sediment  itself  tends  to  increase 
the  lateral  creep  in  the  shell  of  tension  and  the  down-warp 
slowly  deepens. 

3.  The  shell  of  compression  is  already  weakened  at  the 
angles  of  down-warp ;  it  is  further  weakened  by  the  sediment- 
ary blanket  which,  comparatively  little  resistant  itself,  causes 
a  softening:  of  its  basement  through  a  rising  of  the  isogeo- 
therms.  When  the  filling  of  the  geosynclinal  has  sutficiently 
thickened,  the  shell  of  compression,  owing  to  its  secular  accumu- 
lation of  stresses  (which  are  intensified  by  metasomatic  changes 
in  the  shell),  begins  to  collapse.  Mountainous  forms  and 
structures  result. 

4.  The  complete  shearing  apart  of  the  shells  of  compression 
and  tension  during  the  orogenic  revolution  releases  the  tensions 
still  unrelieved  in  the  underlying  shell.  Abyssal  injection  on 
a  large  scale  is  thus  initiated  or  continued  in  the  shell  of  ten- 
sion. The  relief  of  compressive  stresses  in  the  act  of  building 
the  mountains  first  occasions  the  possibility  of  magmatic  stop- 
ing  and  thus  of  the  extensive  assimilation  of  schists  and  sedi- 
ments by  the  primal  gabbroid  magma.  The  differentiation  of 
the  compound  magmas  of  assimilation  may  explain  the  batho- 
lithic  central  granites,  etc.  of  mountain  ranges,  along  with  their 
satellitic  stocks,  injected  bodies  and  volcanic  outflows. 

6.  The  regional  warpings  of  the  earth's  crust  may  be  partly 
at  least  referred  to  the  varying  strengths  of  abyssal  injections 
from  a  fluid  substratum. 

6.  The  location  and  alignment  of  mountain  ranges,  the  loca- 
tion and  elongation  of  geosynclinals,  the  final  development  of 
igneous  batholiths  and  satellitic  injections,  are  all  interdepend- 
ent and  related  to  special  zones  of  powerful  abyssal  injections 
from  the  substratum.  These  zones  are,  in  the  large,  located 
by  cosmical  stresses  affecting  the  earth  along  special  azimuthal 
lines. 

7.  Mountain  building  causes  relief  of  compressive  stresses 
in  the  superficial  shell.  The  surface  outflow  of  magma  either 
secondary  or  directly  derived  from  the  substratum  may  there- 
fore be  specially  pronounced  after  an  orogenic  revolution.  In 
general,  the  theory  of  vulcanism  is  also  fundamentally  affected 
by  the  doctrine  of  the  shell  of  tensions  whicli  are  not  entirely 
relieved  by  the  compressive  extension  of  that  shell. 
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Aet.  XIX. — Some    Interesting    Beryl    Orystah   and   their 
Asaoctations ;  by  W.  E.  Foed. 

The  beryl  erVBtals  eomraonly  found  in  pef^matite  veins  are 
prismatic  in  habit,  consisting  of  a  simple  combination  of  tbo 
prism  of  the  first  order,  m,  with  the  base,  c,  and  ae  a  rule  are 
only  semi-transparent,  and  of  a  green  color.  It  is  the  chief 
purpose  of  this  article  to  describe  several  striking  exceptions  to 


this  general  rule,  and  to  point  out  some  interesting  mmilarities 
in  crystal  habit,  color  and  association  shown  by  a  series  of 
beryl  crystals  from  a  number  of  different  localities,  all  of 
which  are  noted  for  the  occurrence  of  variously  colored  tour- 
malines of  the  lithia  variety  and  of  gem  quality. 

The  pegmatite  depo.sits  of  San  Diego  Co.,  California,  which 
have  become  famous  on  account  of  their  beautiful  tourmalines, 
have  lately  furTiished  some  beryl  crystals  of  an  unusnal  habit 
and  uncommon  color.  Figure  1  is  of  a  crystal  from  the 
deposit  at  Mesa  Grande,  wliilc  figures  2  and  3  are  of  crystals 
from  the  locality  of  Pala.  The  snort  prism  which  they  show, 
especially  in  figures  1  and  '2,   together   witli  the  large  and 
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prominent  deyelopment  of  the  pyramid  of  the  second  order  a 
(1121),  give  them  a  habit  of  crystallization  very  different  from 
that  usually  shown  by  beryl.  The  crystal  represented  by  fig- 
ure 2  also  shows  smaller  replacements  by  faces  of  the  pyramid 
of  the  first  order  p  (lOll)  with  an  occasional  face  of  the 
dihexagonal  pyramid  v  (2131).  It  is  further  complicated  by 
several  reentrant  angles  caused  by  a  repetition  of  the  faces 
due  to  parallel  growth.  The  figures  are  drawn  to  show  as 
nearly  as  possible  the  development  of  the  faces  in  their  true 
proportions,  figure  1  being  about  natural  size  while  figures  2 
and  3  are  one  half  natural  size.  The  crystals  are  transparent 
and  of  a  beautiful  light  rose-pink  color :  their  extraordinary 
color  combined   with  their  unusual  habit  of  crystallization 
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make  them  especially  noteworthy.  Figure  1  is  of  a  crystal  loaned 
for  study  by  Mr.  Ernest  Schernikow  of  New  York  and  which  has 
since  come  into  the  possession  of  the  Brush  Collection,  while  the 
crystals  represented  by  figures  2  and  3  are  in  the  Tiffany  Gem 
Collection  in  the  American  Museum  of  Natural  History,  New 
York. 

Figures  4,  5  and  6  are  of  beryl  crystals  showing  interesting 
similarities  in  habit  and  association  with  those  just  described, 
but  from  other  localities.  Figure  4  represents*  an  -incomplete 
crystal  found  at  Mt.  Mica,  Faris,  Maine,  now  in  the  mineral 
collection  of  the  American  Museum  of  Natural  History  in 
New  York.  It  shows  a  short  development  of  the  prism  m 
with  prominent  faces  of  the  second  order  pyramid  s\  also 
small  replacements  of  another  pyramid  of  the  second  order  o 
(1132),  of  the  pyramid  of  the  first  order  j?,  and  of  the  dihexag- 
onal pyramid  v  (2l3l).  The  crystal  is  transparent  and  color- 
less like  pure  (juartz,  and  attached  to  it  are  plates  of  lepidolite. 
Figure  5  is  likewise  of  a  colorless  crystal  from  Mt.  Mica 
belonging  to  the  Brush  Collection,  nearly  complete,  quite 
symmetrical  in  development  and  about  15™°*  in  diameter.  It 
is  characterized  by  small  faces  of  the  prism  m  and  a  larg« 
development  of  the  pyramid  «,  while  o  and  v  were  observed  as 
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small  trancationB.  Fignre  6  is  of  a  crystal  in  the  Brash  Col- 
lection from  the  famoos  tourmsUne  locality  of  Haddam  Neck 
which  corresponds  to  these  other  crystals  in  haviag  the  pyra- 
mid of  the  second  order  uonsnally  prominent,  although  on  this 
crystal  the  prism  faces  are  large  and  well  developed.  This 
crystal  is  transparent  and  lias  a  very  pale  pink  color.  Several 
other  light-colored  crystals  from  Haddam  Neck  showing  a 
development  of  faces  similar  to  that  of  figure  6  are  in  the  min- 
eral collection  of  the  American  Mnsenm  of  Natural  History. 
One  very  large  one,  donated  to  the  Mnseum  by  Mr,  Ernest 
Schemikow,  measures  IS  inches  in  length  by  1  foot  in  diame- 
ter. It  is  doubly  terminated,  but  so  attached  that  only  a  por- 
tion of  its  faces  are  developed. 


Pink  beryls  were  formerly  found  at  Goshen,  MassacbnsettA, 
associated  with  tounnalines  of  light  to  dark  green  color,  and 
were  given  the  name  of  goshenite  by  Shepard.*  Specimens 
of  beryl  from  tliis  locality  in  the  Yale  College  Collection  show 
only  toe  forms  of  the  prism  m  and  the  base  c.  Transparent, 
colorless  and  pink  beryls  are  also  found  in  the  Island  of  Elba 
associated  witn  variously  colored  gem  varieties  of  tonrmaline. 
A  specimen  of  pink  bery!  in  the  Brush  Collection  from  Elba 
shows  a  short  prismatic  development  terminated  only  by  the 
base.  Vom  Rathf  describes  the  Elba  beryls  as  being  usually 
transparent  and  fretjnently  of  a  light  pink  color,  and  althougli 
light  green  and  blue  crystals  occur  there  as   well,  they  are 

•A  TTcatiae  on  MineralogT,  third  editioD,  1852,  p  339. 
tZ.  d.  d.aea.  xzii,  661. 
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often  only  semi-transparent.  These  crystals  are  described  as 
having  generally  a  prismatic  habit,  but  he  mentions  several 
instances  where  they  are  markedly  tabular  in  development. 

It  is  interesting  to  note  the  striking  similarity  in  habit,  color 
and  association  of  beryl  crystals  from  these  different  localities. 
Many  of  them  are  of  an  unusual  crystal  habit  for  beryl,  fre- 
quently being  short  prismatic,  at  times  even  tabular  parallel 
to  the  base,  and  occasionally  are  highly  modified.  They  are 
also  of  unusual  color,  some  of  them  colorless,  others  of  a  light 
tone  of  pink^  quite  distinct  from  the  green  or  blue-green 
shades  commonly  shown  by  beryl.  All  of  them  also  were 
found  in  pegmatite  deposits  associated  with  variously  colored 
green  and  pink  tourmalines  of  gem  quality.  Such  coinci- 
dences of  association  of  beryl  crystal  of  unusual  habit  and  color 
with  tourmaline  cr>'stals  of  light  colors  and  gem  quality  are 
interesting  and  sugcgestive.  To  the  writer's  knowledge,  the 
ordinary  green  beryl,  showing  a  simple  combination  of  prism 
and  base  commonly  found  in  pegmatite  veins,  occurs  rarely  at 
the  localities  which  furnish  gem  tourmalines.  It  would  seem 
not  at  all  improbable  that  the  conditions  favorable  to  the 
formation  of  tourmalines  of  gem  quality  were  likewise  favor- 
able to  the  formation  of  these  beryl  crystals  of  unusual  color 
and  habit. 

The  factors  which  control  such  matters  as  mineral  occur- 
rence and  association  are  undoubtedly  extremely  complex, 
being  both  physical  and  chemical  in  their  nature.  It  would 
seem  probable  however,  if  this  association  which  has  been 
noted  is  anything  but  accidental  in  character,  that  some  chemi- 
cal similarities  might  be  found  to  exist  between  these  types  of 
tourmaline  and  beryl.  It  has  been  noted  that  gem  tourmalines 
are  usually  characterized  by  containing  about  twice  as  much 
of  the  alkali  oxides  as  the  ordinary  varieties,  Li,0  being  prac- 
tically only  found  in  the  gem  material.  The  occurrence  of 
small  amounts  of  alkalies,  usually  Na^O  and  Cs^O,  have  been 
frequently  noted  also  in  beryl.  It  was  thought  therefore  that 
any  chemical  similarity  between  the  gem  tourmalines  and  the 
pink  or  colorless  beryls  would  be  in  the  presence  in  each  of 
unusual  amounts  of  the  alkali  oxides.  Quantitative  tests  for 
alkalies  were  tlierefore  made  on  two  different  beryls,  the  first 
being  ])ink  material  from  Mesa  Grande,  the  same  as  that  of 
the  crystal  illustrated  in  figure  1, •while  the  second  was  a  pale 

Kink  opaque  crystal  in  the  Brusli  Collection  from  Haddam 
leck.  iioth  of  them  showed  considerable  amounts  of 
alkalies,  the  Mesa  Grande  material  yielding  about  8*00  per 
cent  and  that  from  Iladdam  Neck  abouf  5*00  per  cent  of 
mixed  alkali  oxides.  From  both  of  them  strong  tests  for 
cfBsium  were  obtained  by  use  of  the  spectroscope.      In  this 
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connection  bu  analysis*  by  H.  L.  Wells  of  a  clear  and  color- 
less beryl  fonnd  asBociated  with  gem  [onnnalines  at  Hebron, 
Maine,  might  be  quoted,  wliicb  yielded  Na,0,  113 ;  Li,0, 
1-60,  and  Cb,0,  3-60.  These  few  instances  would  seem  to 
indicate  that  these  nnusaaHy  colored  beryls  are  liable  to  con- 
tain several  per  cent  of  alkalies,  caesium  being  ebaracteristi- 
cally  present.  Their  association  with  those  tourmaline  crys- 
tals, which  likewise  contain  unusual  amounts  of  alkalies,  can 
hardly  be  considered  entirely  accidental,  and  coueequently  in 
this  fact  of  chemical  similarity  we  probably  tind  one  of  the 
conditions  which  influence  the  association  of  this  type  of 
berj'l  crystals  with  the  gem  tourmalines. 

Figure  7  is  of  a  transparent  green  crystal  {aqua-  - 

marine)   in    the  Brush   Collection   from  the  Mack 
Mine,  San  Diego  Co.,  California,  and  is  introduced    /\^X\ 
here  chiefly  for  the  sake  of  contrasting  it  with  the    L.^gr\ 
tabular  type  from  the  same  general  locality  shown     Vi|/& 
in    figure    2,   the    two    crystals    representing    the       ^f 
opposite  extremes  of  development.     The  crystal  is 
represented  in   the   tigure  in  its  true  proportions, 
except  that  its  length   parallel  to  the  vertical  axis 
should   be  four  times  as  great  as  is  shown.     The 
length  of  the  crystal  is  approximately  fifteen  times 
as  great  as  its  diameter,  the  actual  dimensions  being 
60x4°"".     The  faces  on  tiie  crystal  are  the  prism  of 
the  first  order  m,  the  dihexagonal  prism  i  (2l50), 
the  pyramid  of  the  second  order  «  and  the  pyramid 
of  the  first  order  p,  with  the  basal  plane  c,  and  are 
developed  with  almost  ideal  symmetry. 

There  are  also  in  the  Bnieh  Collection  two  per- 
fectly trans|>arent  and  yellow  colored  beryl  crystals 
from  Ramona,  San  Diego  Co.,  which  show  remark- 
able etchings:  These  are  in  the  form  of  depressions 
arranged  singly  in  line,  tigure  9,  or  in  groups,  figure 
10,  in  the  positions  which  would  naturally  be  occupied  by  faces 
of  the  prism  m.  The  prism  m,  however,  does  not  appear  on 
the  crystals,  the  groups  of  pits  corresponding  in  position  to 
adjacent  m  faces  being  separated  from  each  other  by  a  dihexa- 
gonal prism.  Measurements  of  a  series  of  the  faces  forming 
the  pits  were  made  on  a  two-cirele  goniometer  and  the  aver- 
ages of  the  results  obtained' were  used  to  plot  the  positions  of 
the  faces  on  a  gnomonic  projection,  tigure  8,  the  plane  of  pro- 
jection being  taken  as  parallel  to  ni  (lOlO).  From  this  pro- 
jection figures  0  and  10  were  made,  which  show  the  character 
and  arrangement  of  the  etched  pits  drawn  in  orthographic 
projection  upon  a  plane  parallel  to  m.  The  faces  were  all 
•Dana's  Sys.  Min.,  p.  407. 
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rounded   and  save  only    approximate   measarenients,   conse- 

3aentl;  no  definite  eymbolB  can  be  assigned  to  them.  The 
ihexagonal  prism  designated  as  1,  which  appears  on  the  crys- 
tals ana  forms  prominent  faces  in  the  pita,  le  close  to  a  form 
having  (SlJO)  as  its  symbol.  The  faces  in  the  pits  marked  1 
are  the  same  as  the  riglit  hand  prism  face  (3li0),  also  marked 
7,  and  reflect  the  light  simaltaneouelv  with  it;  and  tliose 
marked  1'  reflect  together  with  the  left  hand  prism  face, 
(4130),  designated  as  /'.  The  bottoms  of  the  pits  are  nsually 
occnpied  by  two  Email  faces  making  a  very  acute  angle  with 
one  another  which  correspond  to  the  two  prism  faces  desig- 
nated as  r  and  T",  %ure  d,  wliich  lie  to  the  right  and  left 


'''.«rrT*S&; 


beyond  those  marked  1  and  1'.  Fignre  11,  which  is  a  hori- 
zontal section  along  the  dotted  line  in  figure  9,  illustrates  the 
relations  existing  between  the  faces  of  the  dihex^onal  prism 
ami  the  corresponding  faces  found  in  the  pits.  The  pyramid 
of  the  first  order,  designated  as  ^,  which  always  forme  the 
tipper  and  lower  faces  of  the  pit*,  -approximates  m  its  position 
to  (13'0'I3'2).  In  addition  to  these  faces  the  etchings  show 
two  other  forms,  3  and  i,  which  in  their  positions  correspond 
to  the  faces  of  dihexagonal  pyramids.  They  are  of  vicinal 
character,  failing  very  close  to  the  prism  face  m,  as  is  shown 
in  the  gnomonic  projection,  one  averaging  only  i"  57'  and  the 
other  2°  13'  from  m.    Because  of  the  uncertainty  of  the  meas- 
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urements  doe  to  the  vicinal  character  of  the  faces,  exact  sym- 
bols cannot  be  assigned  to  these  forms.  In  some  places  the 
pits  form  a  single  line  down  the  length  of  the  crystal,  not 
encroaching  at  all  on  the  faces  of  the  dinexagonal  prism  at  the 
sides,  as  shown  in  figure  9.  More  generally  thev  are  in  two 
or  more  parallel  and  adjacent  lines  and  interlock  with  each 
other  in  a  very  complicated  manner,  as  shown  in  figure  10. 
The  pits  average  2"*'"  by  1-5°"''  in  size.  The  crystals  show  a 
tendency  to  taper  at  the  ends  on  account  of  the  etching  and 
rounding  of  the  prism  faces. 

Acknowledgment  should  be  made  of  the  courtesy  of  Mr. 
Ernest  Schernikow  of  New  York  and  of  Messrs.  H.  C.  Bum- 

Sus  and  L.  P.  Gratacap  of  the  American  Museum  of  Natural 
[istory  in  New  York,  for  furnishing  for  study  the  crystals 
illustrated  in  figures  1  to  4.  The  writer  also  gratefully 
acknowledges  the  frequent  help,  through  criticism  and  sugges- 
tion, of  Prof.  8.  L.  Penfield  during  the  preparation  of  this 
article. 

Mineralogical  lAboratoxy  of  the  Sheffield  Soientifio  School 

of  Tale  Uniyeralty,  New  Haven,  Conn.,  June,  1906. 


224         F,  E.  Wright — Schistmity  hy  Crystallization. 


Art.  XX. — Sehistosity  hy    Crystallization.     A    Qualitative 

Proof ;  by  Fked.  Eugene  Wright. 

In  the  general  theory  of  the  metamorphism  of  rocks,  pres- 
sure, especially  stress  applied  in  oue  direction,  has  long  been 
considered  an  important  factor;  and  in  recent  years  suflicient 
evidence  has  been  accumulated  by  geologi$ts  from  observa- 
tions in  the  field  to  demonstrate  practically  its  influence  on  the 
textures  of  rocks  during  tlieir  formation.  Investigations  of 
the  behavior  of  a  body  or  chemical  system  under  stress  have 
also  been  made  by  chemists  and  physicists,  and  fundamental 
laws  of  equilibrium  deduced  therefrom  which  have  a  direct 
bearing  on  the  broader  problems  of  metamorphism. 

Le  Chatelier*  discovered  a  number  of  years  ago,  that  in  a 
chemical  system  "any  change  in  its  factors  of  equilibrium 
from  outside  is  followed  by  a  reverse  change  within  the  sys- 
tem." At  constant  temperatures,  therefore,  an  increase  of 
external  pressure  tends  to  produce  those  changes  which  are 
attended  by  diminution  of  volume.  In  the  words  of  Bancroft,t 
*'  the  system  in  equilibrium  tends  to  return  to  equilibrium  by 
elimination  of  the  disturbing  element."  Most  solids  dissolve 
with  decrease  in  volume :  when  this  is  the  case,  the  solubility 
is  increased.  Riecke  and  also  Ilambuechen:]:  have  proved  ex- 
perimentja-lly  an  important  deduction  from  this  general  law, 
that  a  body  under  unequal  strain  dissolves  most  rapidly  along 
the  line  of  greatest  stress. 

In  accord  with  this  law  of  physical  chemistry.  Van  Hi8e,§ 
reasoning  from  the  standpoint  of  geology,  has  shown  that  in 
the  deep-seated  zone  or  zone  of  anamorphism  "  the  deforma- 
tion in  connection  with  mass  mechanical  action  is  mainly 
accomplished  not  by  mechanical  subdivision  but  by  the  chemi- 
cal action  of  recrvstallization  ;"  that  "  under  strains  with  a 
stress  difference  an  exceedingly  small  amount  of  water  at  the 
high  temperature  is  capable  of  dissolving  particles  of  8ul)8tance 
under  the  greatest  stress  and  depositing  them  along  lines  of 
less  resistance,  the  movement  of  the  solution  being  slight  and 

♦  Comptes  Rendus,  xcix,  786,  1884 ;  quoted  in  W.  D.  Bancroft's  **  The 
Phase  Rule,"  Ithaca,  1897,  p.  4.  Van't  Hoff  has  also  derived  the  same  law 
from  the  second  principle  of  thermodynamics  and  expressed  it  in  mathe- 
matical terms.  Studien  znr  Chemischen  Dynamik,  Yan't  Hoff  and  Cohen, 
p.  223. 

t  "  The  Phase  Rule,"  Ithaca,  1897,  p.  4. 

X  Riecke,  E.,  Nachr.  v.  d.  K.  Ges.  d.  Wissensch.  zu  G5ttingen,  Math.- 
phys.  Klasse  1894,  iv,  278-284  ;  Hambuechen,  C,  **  An  Experimental  Study 
of  the  Corrosion  of  Iron  under  Different  Conditions,"  Bull.  Univ.  of  Wiscon- 
sin, No.  42,  1900,  p.  255. 

^  "  Metamorphism  of  Rocks  and  Rock  Flowage,"  Bull.  Geol.  Soo.  Amerioa, 
vol.  9,  May,  1898;  also  **  Treatise  on  Metamorphism,"  U.  S.  GeoL  Survey, 
Mon.  47,  Chap,  vii:  vm  (1904). 
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the  quantity  of  substance  in  the  solution  at  one  time  being 
extremely  small."  Through  the  superheated  water  as  a 
medium,  adjustment  by  solution  and  deposition  goes  on  con- 
tinuously during  the  deformation.  Under  such  conditions 
minerals  like  the  micas  and  amphiboles,  which  have  a  tendency 
to  grow  most  rapidly  in  one  direction,  develop  with  their 
longer  axes  in  the  direction  of  least  resistance,  perpendicular 
to  tlie  line  of  greatest  stress ;  and  the  texture  of  the  resultant 
rock  will  be  characterized  by  a  parallel  arrangement  of  its 
mineral  components. 

Since  in  such  metamorphic  rocks  the  recrystallized  silicates 
belong  chiefly  to  the  micas,  amphiboles  and  feldspars,  all  of 
which  cleave  well,  the  cleavage  of  these  rocks  is  due  in  large 
part  to  the  cleavage  of  their  components.  In  short,  the  tex- 
tures observed  in  metamorphic  rocks  of  this  type  are  charac- 
terized by  a  definite  orientation  of  mineral  components  recrys- 
tallized at  high  temperatures  under  unequal  stresses.* 

Beckef  has  applied  the  name  Krystallizationsschieferung  to 
this  process  of  recrystallization  under  stress  and  has  reached 
conclusions  similar  to  those  of  Van^Hise  outlined  above. 

A  recent  investigation  by  G.  F.  Becker  and  A.  L.  Day:}:  on 
the  development  of  crystals  under  stress  shows  that  although 
crystals  are  able  to  grow  in  a  given  direction  in  spite  of  a 
counteracting  force,  their  growtl)  in  the  plane  normal  to  the 
pressure  is  vastly  greater,  the  proportion  being  about  1  to 
1000  or  still  larger.  In  their  experiments,  alum  crystals  were 
used  which  are  isometric  and  which  have,  therefore,  no  pecu- 
liar direction  of  elongation.  Had  substances  been  tried  which 
crystallize  in  prismatic  or  tabular  shapes,  it  is  probable  that 
there,  also,  the  direction  of  most  rapid  crystal  growth  would 
have  coincided  with  the  direction  of  least  resistance  normal  to 
the  active  stress,  as  in  the  experiments  below. 

In  the  Geophysical  Laboratory  of  the  Carnegie  Institution, 
several  experiments  were  performed  in  imitation  of  this  pro- 
cess of  nature,  and  results  were  obtained  which  roughly  veri- 
fied the  preceding  theoretical  deductions.  The  problem  which 
confronted  us  was  to  produce  crystallization  from  solution 
under  strain.  Purely  aqueous  solutions  could  not  be  used, 
since  in  them  hydrostatic  conditions  obtain  and  stress  differ- 
ences are  not  possible.     A  glass,  however,  from  a  physico- 

*  The  arguments  given  in  brief  in  this  paragraph  are  e^entially  those  of 
Van  Hise  developed  in  exUnao  in  his  monograph,  loc.  cit. 

f  Becke,  F. ,  Uber  Mineralbestand  nnd  Straktur  der  Krist.  Schief er ;  Sit- 
znnsber.  Wiener  Akad.,  7  Mai,  1903.  This  paper  was  unfortunately  not 
available  to  the  writer.  A  brief  statement  of  his  eonclnsions,  however,  is 
given  bv  U.  Grubemann  in  "  Die  Eristallinen  Schief  er,"  i,  (1904). 

1  **TDe  Linear  Force  of  Growing  Crystals,"  Proc.  Wash.  Acad.  Sci.,  vii, 
2^28$,  1905. 
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chemical  standpoint  is  an  undercooled  liquid,  and  in  it  the 
viscosity  or  internal  friction  at  temperatures  at  which  crystal- 
lization may  begin  is  sufficiently  great  to  permit  application  of 
unequal  stresses.  Certain  glasses,  as  those  from  wollastonite, 
diopside,  anorthite  and  other  minerals,  crystallize  at  tempera- 
tures far  below  the  melting  point  of  the  mineral,  and  while 
still  in  a  state  of  fair  rigidity. 

These  minerals  are,  mtireover,  either  prismatic  or  tabular  in 
habit  and  possess,  therefore,  a  decided  inclination  to  grow  more 
rapidly  in  one  direction  than  in  another.  If  made  to  crystal- 
lize under  unequal  stress,  they  will,  in  consequence,  tend  to 
develop  most  rapidly  in  the  direction  of  least  resistance  and 
their  favored  axis  or  plane  of  growth  (prismatic  or  pinacoidal) 
will  be  normal  to  the  active  stress ;  wliile  the  resultant  texture 
will  be  comparable  to  those  produced  by  the  recrystallization 
of  a  rock  under  stress. 

In  our  experiments  about  50  grams  of  each  of  the  above 
minerals  were  first  melted  separately  in  a  Fletcher  furnace  and 
then  chilled  rapidly  to  glass  by  plunging  the  platinum  crucible 
containing  the  melt  into  water.  Cubes  of  about  1*^  edge  were 
then  cut  from  these  glasses  and  subjected  afterwards  both  to 
heat  and  stress.  Heat  was  appliea  by  means  of  an  air-gas 
blast  and  concentrated  by  enclosing  the  preparation  in  a  small 
reverberatory  hood  of  asbestos.  Pressure  was  produced  in  two 
different  ways ;  in  the  first,  a  cube  of  mineral  glass,  shielded 
both  above  and  below  by  thin  disks  of  asbestos,  was  placed 
between  two  short  vertical  steel  rods  held  in  position  by  a 
suitable  stand  and  gravity  pressure  obtained  by  weighting 
down  the  upper  rod.  By  this  method  the  effects  of  stress  in 
one  direction  alone  were  studied,  and  the  similarity  of  the 
textures  produced  compared  with  those  of  rocks  formed  under 
like  conditions  of  stress. 

To  obtain  stresses  acting  along  two  directions  normal  to 
each  otiier  and  thus  to  imitate  the  pencilled  texture  of  many 
amphibolites,  a  device  suggested  by  Dr.  A.  L.  Day  was 
employed,  consisting  of  a  wide  metal  pipe  ring  of  12*^™  diam- 
eter, into  the  sides  of  which  four  screws  wei*e  inserted  at 
intervals  of  90°.  Steel  caps  were  fitted  on  the  ends  of  these 
screws  and  between  them  tlie  cube  was  placed.  Pressure  was 
applied  by  tightening  the  screws,  while  heat  was  derived  as 
above  from  an  air-gas  blast. 

After  comjtete  crystallization  under  stress,  the  cubes  were 
immersed  in  hot  Canada  balsam  and  afterwards  embedded  in 
plaster  of  Paris.  These  precautions  were  found  by  experience 
to  be  necessary,  and  were  taken  in  order  that  satisfactory  thin 
slices  could  be  cut  from  the  cubes,  which,  after  crystallization 
are  extremely  brittle  and  fracture  readily.     Plates  were  then 
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eat  after  the  three  faces  of   each  cube  and  sections  ground 
from  theni. 

If  the  foregoing  hjpotlieses  are  applicable  in  this  case,  the 
prismatic  minerals  crystallizing  out  of  the  glass  under  a  stress 
acting  in  one  direction  only,  should  show  in  the  center  of  the 
cube  an  arrangement  along  planes  which  are  approximately 
perpendicular  to  the  line  of  pressure ;  while  the  influence  of  a 
second  stress  at  right  angles  to  the  first  should  cause  the  crys- 
tallites to  grow  along  the  one  line  of  least  resistance  and  show 
parallel  onentation  in  consequence.  Both  of  these  textures 
were  produced  roughly  in  the  cubes  and  were  visible  not  only 
under  the  microscope,  but  also  to  the  unaided  eye. 


Magnificatioii  25  x  .     Nicola  crossed. 
Fio.  1. — Section  parallel  to  100  through  the  center  of   a  cnbe  of  wollas- 
tonite  crjrstkllited  from  the  glass  while  ander  BtresseB  acting  in  the  direction 
indicated  b;  the  ftrrowa. 

For  the  sake  of  convenience  in  describing  the  phenomena 
observed,  the  cubes  will  be  considered  as  fixed  in  position  rela- 
tive to  the  stresses  applied,  and  the  six  cube  faces  as  those  of 
an  isometric  cube ;  tne  first  stress  being  applied  vertically  and 
perpendicular   to   the   basal   planes   (001)   of    the  cube ;   the 

Am.  Joub.  Sol— ForsTH  Serceb,  Vol.  XSII,  No.  129.— Siptucbbr,  1906. 
16 


228        F.  E.  Wright— Schietosittf  hy  Gryetallieation. 

second  normal  to  the  side  planes  (010),  while  the  front  and 
back  planes  (100)  remain  free  in  every  experiment. 

In  view  of  the  fact  that  more  extended  experimental  work 
on  the  influence  of  stress  on  crystallization  under  bettered  con- 
ditions is  soon  to  be  carried  ont  in  this  laboratory,  three  photo- 
micrographs of  simple  cases  only  are  reproduced  below.  The 
result^,  here  presented,  are  strictly  qnalitative  and  preliminary 
in  character. 

Figure  1  shows  a  plate  through  the  central  part  of  a  large 
cube  of  wollastonite  crystallized  from  its  glass  under  stress 


Magniflciition  35  x  .     Nicola  crossed, 
Fio.  2. — Section  pdrallel  to  010  of  a  (Mibe  of  anorthite  ciyBtalliEed  from 
its  glass  nndsT  stresses  iu  tbe  direction  marked  by  the  bttows. 


normal  to  001.  The  section  was  cut  parallel  to  100  and  in  it 
the  wollastonite  fibers  are  oriented  approximately  perpendicu- 
lar to  the  line  of  stress.  Local  variations  occur  and  an  indi- 
vidual fiber  may  occasionally  be  inclined  at  an  angle  of  many 
degrees  to  the  normal  plane.    Nevertheless,  the  general  effect 
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of  the  aggregate  is  tliat  of  an  ftrraugement  of  the  fibers  in 
layers  parallel  to  001 ;  along  tins  plane  the  cube  also  showed 
a  tendency  to  split. 

Fignre  2  is  part  of  a  cross-section  parallel  to  010  of  an 
anorthite  cube  crystallized  from  glass  under  stress  normal  to 
001.  The  photograph  shows  the  upper  part  of  a  section  which 
was  cut  nearer  the  enter  edge  of  the  cnbe  than  that  of  the 
preceding  fignre.  The  effect  of  crystallization  proceeding 
from  the  outer  surface  inwards  because  of  the  rapid  heating 
and  in  spite  of  the  connteracting  forces,  is  clearly  marked  in 
this  section.  Only  after  the  conditions  of  heating  had  become 
more  uniform  could  the  effect  of  the  nnequal  stress  find  expres- 
sion in  the  parallel  arrangement  of  the  fibers  in  the  central 
portion  of  the  cube  as  shown  by  tig,  1,  and  the  lower  part  of 
&g.  2. 


M^niflealion  25  k  .     NIcoIh  eroaeed. 
Fio.  S. — Section  parallel  to  100  and  near  eipoaed  anrface  of  a  cube  of 
dlopside  cTjatatlized  from  the  glnsi  under  Btresaei  indicated.    The  prismatic 
fibere  were  normal  to  100  and  are  cnt,  therefore,  croaawiae  bv  the  aection. 


Figure  3  represents  part  of  a  thin  slice  taken  from  a  crys- 
tallized cube  of  diopside  glass  parallel  to  100  and  very  close  to 
the  exposed  surface.  The  prismatic  fibers  which  were  the 
first  to  crystallize  were  normal  to  the  exposed  surface  and  are 
thus  cut  transversely  bj  the  section. 
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Resume, 

The-  schistose  and  gneissose  textures  of  many  metamorphic 
rocks  have  been  ascribed  by  Van  Hise  and  others  to  the  orient- 
ing influence  of  pressures  with  a  stress  difference  acting  dur- 
ing the  recrystalhzation  of  tlie  rock  in  its  new  environment, — 
solution  taking  place  along  the  line  of  greatest  strain  and 
deposition  along  the  line  of  least  resistance  and  normal  to  the 
maximum  stress.  In  such  cases  the  rock  cleavage  is  due  to  the 
parallel  arrangement  of  its  mineral  components  in  planes  per- 
pendicular to  the  line  of  greatest  stress. 

Conditions  of  experiment  in  which  crystallization  under 
unequal  strains  could  take  place  were  effected  by  using  cubes 
of  glasses  made  by  chilling  melts  of  different  minerals  rapidly, 
ana  by  heating  these  to  the  point  at  which  crystallization  first 
began,  the  viscous  glass  at  that  temperature  being  still  in  a 
state  of  fair  rigidity,  and  capable  of  supporting  a  certain 
amount  of  unequal  strain. 

Textures  similar  to  those  of  certain  metamorphic  rocks  were 
produced  in  this  way,  and  an  experimental  connrmation  of  the 
theoretical  deductions  thus  obtained. 

Geophysical  Laboratory,  Carnegie  Institution,  Washington,  D.  C. 
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Art.  XXI. — Fractured  Bowlders  in  Conglomerate  ;*  by 

Makius  R.  Campbell. 

During  a  visit  to  the  Deer  Creek  coal  field  of  Arizona, 
which  the  writer  made  in  the  autumn  of  1903,  countless  num- 
bers of  fractured  bowlders  were  found  on  the  outcrop  of  a 
coarse  conglomerate,  which  seemed  to  require  unusual  and 
peculiar  surroundings  to  account  for  their  present  conditions. 
Accordingly  some  hasty  notes  were  taken  of  field  relations 
and  a  few  typical  specimens  secured  for  further  study.  A 
group  of  these  fractured  bowlders  is  shown  in  figure  2  and 
the  following  descriptions  may  throw  some  light  on  their 
mode  of  origm. 

The  region  in  which  the  phenomenon  was  observed  is  an 
irregular  syncline  of  Cretaceous  and  Carboniferous  rocks  in 
Pinal  County,  about   ten   miles  east  of  Dudleyville  at  the 

J 'unction  of  the  San  Pedro  and  Gila  rivers,  better  known  per- 
laps  as  the  Deer  Creek  coal  field.f 

Tlie  rim  of  the  syncline  is  in  large  part  formed  by  the  great 
Carboniferous  limestone  which  also  apparently  underlies  much 
of  the  central  part  of  the  basin,  but  it  is  eflfectually  concealed 
by  a  great  mass  of  later  rocks  consisting  of  lava,  tuff,  and  beds 
of  sandstone  and  shale.  These  beds  are  probably  of  late  Cre- 
taceous age,  and,  therefore,  there  is  a  great  time-break  between 
them  and  the  underlying  limestone,  although  in  most  cases  the 
beds  at  the  contact  are  apparently  conformable. 

The  rocks  immediately  overlying  the  limestone  generally 
consist  of  sandstone  and  shale  with  some  small  coal  beds. 
Above  this  group  there  are  many  beds  of  andesitic  tuff  with 
iuterbedded  sand  and  clay  and  what  appears  to  have  been 
great  surface-flows  of  andesite.  Some  500  or  600  feet  above 
the  base  of  the  Cretaceous  rocks  is  a  bed  of  conglomerate 
composed  of  bowlders  of  all  sizes  up  to  2  or  3  feet  in  diameter, 
held  in  a  matrix  of  very  soft  andesitic  tuff,  a  typical  outcrop 
of  which  is  shown  in  figure  1.  This  view  was  taken  on  Ash 
Creek  just  below  the  limestone  box  canyon  east  of  Saddle 
Mountain  and  the  bedding  planes  of  the  conglomerate  dip  70 
degrees  to  the  left,  or  toward  the  center  oi  the  basin.  The 
bowlders  represent  a  great  variety  of  rocks,  both  crystalline 
and  sedimentary,  but  probably  those  of  quartzite  are  most 
abundant. 

This  bed  of  conglomerate  shows  at  a  great  many  points,  but 
in  most  places  the  matrix  is  so  soft  that  the  rock  breaks  down 

*  PabUshed  by  permission  of  the  Director  of  the  U.  S.  Geological  Survey. 

f  For  a  more  detailed  description  of  the  region  and  the  geologic  relations 
Bee  '*  The  Deer  Creek  Coal  Field,  Arizona,"  by  the  writer.  U.  S.  Geol. 
Snrv.,  Bull.  225,  pp.  240-258. 
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when  exposed  to  tlie  atmosphere,  leaving  only  a  mass  of  gravel 
and  bowlders.  The  material  is  all  well  rounded,  and  it  seems 
evident  tliat  it  has  been  swept  into  its  present  position  bv 
strong  currents  of  water,  presumably  by  surface  streame. 


After  the  deposition  of  this  material,  the  rocks  were  dis- 
turbed by  what  seems  to  have  been  the  upthrustinfr  of  huge 
masses  of  igneous  rocks,  giving  to  the  sedimentary  beds  the 
form  of  an  irregular  basin.  In  some  places  the  movement  has 
been  quite  severe,  and  the  rocks  are  steeply  uptamed  and 
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faalted,  but  in  other  plaees  the  movement  has  been  gentle  and 
the  rocks  dip  lightly  toward  the  center  of  the  field. 

At  a  point  on  tlie  north  side  of  the  basin  on  the  old  Indian 
trail  across  Mescal  Monntain  to  San  Carlos,  the  bed  of  bowldery 
conglomerate  dips  toward  the  south  or  center  of  the  basin 
at  an  angle  of  less  than  10  degrees.  The  soft  matrix  of  tuff 
has  been  dissolved  and  the  bowlders  are  scattered  over  the 
ground  in  great  profuaion.  At  this  place  the  specimens  shown 
in  figure  2  were  found.  They  were  not  in  position,  but  their 
original  relations  are  apparent. 

Almost  every  bowlder  of  the  thousands  scattered  over  the 
ground  at  this  place  is  marked  by  one  or  more  bruises  where 
other  bowlders  have  been  jiressed  against  it.  Considerable 
movement  is  indicated   by  these   bruises,  for   the  surface   is 


inglomerste,  Pinal  County, 

ground  and  crushed  in  a  way  that  could  only  occur  under 
repeated  crushing  strains.  In  some  instances  the  opposing 
bowlder  has  failed  to  make  an  impression,  probably  b^use  it 
was  composed  of  softer  rock,  or  because  some  more  resistant 
bowlder  took  the  strain,  relieving  the  pressure  in  the  surround- 
ing material.  The  large  bowlder  shown  in  the  cut  has  at  least 
six  bruises,  the  two  most  severe  being  the  one  on  the  front 
and  the  one  at  the  left  end  seen  in  profile.  At  these  two 
points  the  oppoaing  bowlders  have  been  forced  into  this  one 
UDtil  it  has  been  nearly  broken  to  pieces.  Great  cracks  have 
opened  in  various  directions  and  the  broken  parts  have  been 
thrust  oat  until  it  appears  like  a  ball  of  partly  hardened  clay 
that  has  been  squeezed  from  several  directions.     The   other 
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bowlders  show  similar  results,  the  two  on  the  right  being 
marked  by  especially  deep  bruises  and  arreat  cracks  which 
extend  entirely  through  them.  The  bowl3er  on  top  has  had 
another  bowlder  thrust  into  it  so  far  that  a  piece  of  the  oppos- 
ing bowlder  is  still  contained  in  the  upper  part.  The  bowlders 
in  question  are  mostly  tough  quartzite  and  they  present  a 
striking  illustration  of  the  enormous  pressure  that  has  been 
brought  to  bear  upon  them. 

Similar  fractured  bowlders  may  be  seen  in  figure  1,  but  in 
this  case  they  appear  more  like  fractures  due  to  shearing  than 
the  result  oi  one  bowlder  impinging  upon  another.  A  good 
example  may  be  seen  above  and  to  the  right  of  the  hammer 
where  a  bowlder  8  or  10  inches  in  length  is  sheared  in  three 
or  four  places.  At  first  sight  it  might  seem  that  only  a  few  of 
the  bowlders  in  this  view  are  broken,  but  close  inspection 
shows  that  almost  all  are  more  or  less  affected. 

Such  pressures  as  are  shown  by  these  bowlders  are  naturally 
associated  in  one's  mind  with  intense  folding,  but  this  relation- 
ship is  questionable.  The  bowlders  shown  in  figure  1,  where 
the  bed  is  tilted  at  an  angle  of  70  degrees,  are  not  so  badly 
fractured  as  are  those  shown  in  figure  2  from  the  north  side  of 
the  basin,  where  the  dip  is  only  10  degrees.  It  must  be  stated, 
however,  that  where  the  bed  occupies  the  center  of  the  basin, 
as  for  instance  at  the  place  where  the  Dudleyville  trail  first 
reaches  Deer  Creek,  a  snort  distance  east  of  the  mouth  of  Little 
Rock  Creek,  the  bowlders  are  not  fractured,  or  at  least  fractures 
were  not  observed.  The  explanation  of  the  phenomenon  prob- 
ably lies  in  the  peculiar  conditions  under  wnich  the  bowlders 
were  held.  If  the  matrix  had  been  solid  and  homogeneous  and 
closely  attached  to  the  bowlders,  it  is  probable  that  no  such 
fractures  would  have  been  produced,  but  under  pressure  the 
soft  turf  acted  much  like  fluid  material  and  all  of  the  strain 
came  upon  the  bowlders  themselves.  Not  only  that,  but  the 
bowlders  were  held  so  loosely  that  there  was  opportunity  for 
the  sides  to  give  under  pressure  and  consequently  cracks  were 
produced  and  even  the  entire  side  of  the  bowlder  was  shoved 
off  to  an  appreciable  extent.  A  glance  at  figure  2  makes  it 
plain  that  tne  large  bowlder  could  not  have  been  crushed  from 
the  spot  in  front  unless  there  was  room  for  the  side  to  expand 
on  what  is  now  the  upper  part.  If  this  bowlder  had  been  sur- 
rounded by  a  strong  homogeneous  cement  no  such  fracture 
could  have  been  proauced. 

The  conclusion  is,  therefore,  that  such  fracture  can  be  pro- 
duced only  where  the  matrix  is  soft  and  flows  under  pressure, 
leaving  the  bowlders  to  take  the  brunt  of  the  strain,  and  afford- 
ing them  no  lateral  support  to  prevent  them  being  crushed 
under  the  strain. 
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Abt.  XXII. — The  Exploration  of  Samwel  Cave  ;  by  E.   L. 

Furlong. 


Introduction. 
History  of  Discovery. 
Description  of  Cave. 
Character  of  the  Deposits. 


Method  of  Excavation. 
Fossil  Kemains. 
Age  of  Samwel  Cave  Fauna. 
Possible  Quaternary  Artifacts. 


Introduction. 

The  first  active  work  in  the  exploration  of  eaves  in  north- 
em  California  was  commenced  in  the  summer  of  1902. 
Though  the  presence  of  caves  in  the  region  was  known  for 
many  years,  yet  no  scientific  work  had  been  carried  on  in  them. 
The  excellent  results  derived  from  the  exploration  of  Potter 
Creek  Cave*  stimulated  exploration  in  this  region  for  other 
caves.  Of  these  the  Samwel  Cavef  has  furnished  the  most 
valuable  results. 

The  cave  investigations  have  been  conducted  under  the 
auspices  of  the  Department  of  Anthropology  of  the  Univer- 
sity of  California.  The  exploration  of  Samwel  Cave  in  1905 
was  supported  by  a  grant  from  the  American  Archaeological 
Institute.^ 

The  work  has  been  carried  on  under  the  immediate  direc- 
tion of  Professor  J.  C.  Merriam,  whom  the  writer  desires  to 
thank  for  material  aid  in  the  work  of  exploration  and  in  the 
description  of  the  cave  fauna.  Thanks  are  due  Mr.  Walter 
King  and  Mr.  William  Boynton  for  valuable  service  rendered 
in  excavating  and  removing  fossil  remains  under  somewliat 
hazardous  conditions. 

irUtory  of  Discovery, 

The  initial  exploration  of  Samwel  Cave  in  Shasta  Co.,  Cali- 
fornia, for  scientific  purposes  was  carried  on  in  the  summer  of 
1903.  An  interesting  legend,  the  scene  of  which  was  laid  in 
Samwel  cave  and  told  by  a  Wintun  Indian,  led  to  its  explora- 
tion. This  story  has  a  double  value  in  making  known  an 
important  cave,  and  in  the  verification  of  the  legend,  which 
now  becomes  an  interesting  piece  of  Wintun  historv.  The 
Wintuns  believe  that  caverns  are  of  superaatural  origin  and 
have  used  them  as  places  of  magic.  A  courageous  Indian, 
who  had  any  important  undertaking  in  view,  such  as  a  long 

•  The  Exploration  of  the  Potter  Creek  Cave  ;  by  Wm.  J.  Sinclair,  Pabl. 
Univ.  Calif.,  North  Amer.  Arch,  and  Eth.,  vol.  ii,  No.  1. 

f  Prelim.  Note  on  Ezpl.  of  Samwel  Cave,  Science,  N.  S.,  vol.  xx,  p.  53 ;  E.  L. 
Fnrlong. 

X  The  above  is  submitted  as  a  part  of  a  report  on  investigations  carried  on 
under  a  grant  from  the  American  Archaeological  Institute  for  cave  explora- 
tions in  California,  under  the  direction  of  Professor  F.  W.  Putnam. 
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Imnting  trip,  or  a  war  expedition,  would  hide  himself  in  the 
cave  for  a  certain  period,  fasting  and  meditating  on  the  object 
desired.  It  was  the  belief  that  through  this  vigil  they  would 
obtain  good  luck  and  success. 

Following  is  the  version  of  the  legend  generally  current 
among  the  W  intuns : — 

Many  years  ago  a  woman  of  strong  medicine  told  three 
Wintun  maidens  that  this  cave  contained  two  pools  of  Sawame 
or  magic  water ;  and  that  if  they  bathed  in  tliese  it  Tvould 
insure  good  luck  and  make  their  wishes  come  true.  Acting 
on  the  old  woman's  advice,  they  entered  the  cave,  lighting 
their  way  with  pine  torclies.  They  found  one  pool  of  water 
in  which  they  bathed,  and  then  went,  in  search  of  the  second 
pool  which  contained  the  stronger  Sawame.  Following  the 
instructions  of  the  medicine  woman,  they  climbed  to  the  nar- 
row entrance  of  a  large  chamber.  Seeing  no  water  here,  thev 
went  hand  in  hand  through  this  chamber  and  into  the  wind- 
ing passages  leading  from  it.  In  one  of  these  they  came  to  a 
large  pit.  One  girl  more  curious  and  venturesome  than  the 
others  went  near  the  edge  and  looked  down.  Craning  far 
over,  her  foot  slipped  and  she  fell  over  the  edge.  She  would 
have  fallen  at  once  to  the  bottom  but  for  the  supporting  hands 
of  tlie  other  maidens.  The  overhanging  wall  at  the  edge  of 
the  pit  was  slipperv  and  her  efforts  to  regjain  the  top  were 
vain.  The  two  girls  above  could  with  dimculty  retain  their 
footing  and  in  their  bewildered  state  did  not  have  sufficient 
strength  to  lift  her.  At  last,  exhausted  and  slipping  slowly 
toward  the  edge,  they  let  go  their  hold  and  the  un  fortunate 
girl  fell  into  the  pit.  They  heard  her  strike,  and  then  again 
far  below  a  faint  thud.  They  fled  in  fright  from  the  cave  and 
spread  the  news  among  their  relatives  and  friends. 

Some  of  the  Indian  braves  went  to  the  cave  taking  with 
them  lengths  of  grass  rope,  which  they  knotted  together  and 
lowered  into  the  pit.  They  seemed  unable  to  touch  the 
bottom  with  their  rope  and  could  do  nothing.  Hearing  no 
sound  below,  after  a  time  they  left  the  place.  They  said  the 
spirits  had  gotten  the  girl. 

From  this  time  on  the  cave  was  held  in  profound  awe  and 
was  seldom  if  ever  visited  by  the  Indians.  The  white  people 
who  settled  in  the  country  soon  after  the  event  thougnt  the 
tale  was  but  an  Indian  myth  and  gave  it  little  credence. 

The  first  descent  into  the  large  chamber  of  the  cave  was 
made  by  Professor  J.  C.  Merriam  and  the  writer  in  August 
1903,  the  other  chambers  having  been  investigated  by  our 
party  a  short  time  previous  to  this.  The  work  commenced  in 
1903  has  been  continued  during  the  past  two  summers. 
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Descrijytion  of  the  Cave. 
The  Samwel  cave  is  in  the  belt  of  Carboniferous  limestone 
exposed  along  the  lower  portion  of  the  McCloud  river.  It  is 
situated  about  sixteen  miles  above  the  mouth  and  on  the  east 
bank  of  the  river.  The  limestone  ridge  hollowed  by  the 
chambers  is  at  the  foot  of  a  spur  of  Bollibokka  Mountain. 


Fio.  1.  Location  of  Samwel  Cave.  The  main  entranoe  ia  covered  by  a 
group  of  treea  on  the  face  of  the  highest  Hmeatone  cliff,  and  belovr  the 
arrow.  The  QnatemaT;  eutmnce  to  the  lower  chamber  (chamber  II}  is  in 
the  brDshy  caii7oii  to  the  right  aod  below.  The  elevations  of  the  three  low- 
est terraces  are  given  bj  the  grassy  flat  to  the  right  acnisa  the  river,  hy  the 
sm&tl  patch  of  open  groond  to  the  right  above  the  lowest  terrace,  and  by 
the  highest  point  on  the  limestone. 

A  email  canyon  which  lies  to  the  south  has  been  cut  partly 
throagh  the  limestone  at  its  lower  portion  and  leaves  a  per- 
pendicular limestone  cliff  as  its  northern  boundary.  From  this 
canyon  a  small  cavern  penetrates  the  base  of  tlie  cliff  about 
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70  feet  below,  and  cnnsiderably  to  the  east  of  the  main 
entrance  of  Samwel  Cave.  As  this  cavern  ia  closely  associ- 
ated with  chamber  two,  it  will  be  discussed  with  the  deposits 
in  that  cliamber. 


lOK  toward  the  cave  from  the  canyon  to  the  south. 
The  existiDg  entrance  ie  behind  the  treea  on  a  prominent  roc^k  shelf  projaoU 
ine  to  the  left  from  the  cliff.  The  Qaatemary  entrance  to  chamber  two  Is 
behind  and  below  the  large  fallen  block  to  the  right. 

The  main  entrance  is  on  a  Quaternary  river  terrace.  The 
terrace  is  355  ft.  above  the  McCloud  and  1505  ft.  above  sea 
level.  It  is  broad  and  relatively  low  and  gives  access  to  a  large 
open  chamber.     The  cave  as  a  whole  is  about  352  ft.  long  and 
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exhibits  considerable  beauty  in  the  curious  forms  of  its  cham- 
bers and  in  the  numerous  stalagmite  and  stalactite  growths 
contained  in  them.  The  entrance  chamber  is  73  ft.  long  and 
50  ft.  wide  with  an  average  height  of  6  ft.  At  the  extreme 
northeast  end  a  small  opening  leads  to  a  long  series  of  lower 
chambers.  Of  the  latter,  the  two  most  important  will  be 
designated  as  chambers  one  and  two. 

The  lowest  portion  of  the  floor  of  chamber  one  is  24  ft. 
below  its  entrance.  From  a  bench  4  ft.  from  the  floor  of  the 
northwest  corner  a  narrow,  almost  vertical  shaft  drops  a  dis- 
tance of  16  ft.  to  a  winding  series  of  chambers  below.  The 
first  of  these  contains  the  first  pool  of  water  referred  to  in  the 
Indian  legend. 

Abont  on  a  level  with  the  entrance  to  chamber  one  and  its 
extreme  northeastern  part,  a  narrow  opening  leads  to  a  series 
of  rooms  running  to  chamber  two.  These  have  a  general 
trend  from  south  to  north.  The  north  chamber  contains  the 
chimney-like  opening  to  the  chamber  below.  From  the  floor 
of  chamber  two  many  small  grottoes  lead  out  in  several  direc- 
tions. At  the  southeasterly  side  a  low-arched  grotto  leads  to 
a  passage  way  which  will  be  discussed  later. 

Character  of  the  Deposits, 

The  principal  deposits  are  in  chambers  one  and  two.  The 
deposit  in  cKaraber  one  partly  fills  a  small  fissure-like  grotto 
which  leads  oflE  from  this  room.  It  extends  into  the  chamber 
and  fans  out,  covering  a  portion  of  the  floor.  This  deposit  is 
29  ft.  long,  an.  average  of  4  ft.  wide  and  is  8  ft.  deep  in  its 
thickest  portion.     Tne  section  is  as  follows  : 

Reddish  clay •!  to    '3  ft. 

Stalagmite  capping •!  to      ?  f t. 

Earth  mixed  with  angular  gravel '3  to  1*6  ft. 

Breccia 2*     to     ? 

A  floor  of  stalagmite •!  to   '3  ft. 

Earth  grading  into  breccia 1*2  to  4'4  ft. 

The  deposit  was  evidently  formed  by  earth  and  limestone 
fragments  falling  from  the  outside,  through  an  aperture  at 
the  top  of  the  grotto.  There  is  now  no  sign  of  such  an  open- 
ing. However,  earth  can  be  seen  on  the  fissure  walls  and  pro- 
jections till  the  walls  meet  at  the  top. 

That  there  was  an  intermission  of  sufficient  time  for  stalag- 
mite to  form  before  the  completion  of  the  deposit  is  shown 
by  the  presence  of  the  false  floor.  Probably  the  aperture  was 
choked  for  a  time  and  later  reopened.  All  of  the  material  of 
the  deposit  evidently  came  in  at  one  place,  as  it  is  as  much  in 
the  form  of  a  low  cone  as  the  fissure  will  allow.     The  apex 
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was  near  tlio  middle  of  tlie  Ustiiire  witli  its  sides  sloping  to 
either  end. 


The  denosit  in  chamhcr  two  has  greater  surface  area  but  is 
miicli  shallower  than  that  in  chamber  one.  Its  greatest  length 
ie  36  ft.  from  north  to  sontli  and  greatest  width  18  ft.  From 
north  to  sonth  it  is  on  an  incline  plane,  the  southern  end  being 


« 
« 
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5  ft.  below  the  surface  level  at  the  north  end.     It  is  composed 
of  thin  beds,  as  follows : 

Fine-grained  reddish  clay   -01  to    •4  ft. 

Stalagmite  capping -1  "     *4  " 

Mixed  earth  and  gravel 1*     "   2' 

Stalagmite '05 

Fine  earth  and  gravel '2 

This  shallow  deposit  was  derived  from  material  in  the  cave 
chamber,  angular  limestone  gravel,  stalagmite  formed  from 
dripping,  and  from  very  small  streams  of  water  carrying  in 
material.  The  earth  and  clay  were  carried  in  by  the  water 
and  possibly  some  part  of  it  was  tracked  in  by  animals. 

On  the  southeast  side  a  grotto  leading  oflE  from  the  chamber 
shows  the  sloping  stalagmite-covered  surface  of  a  deposit  that 
fills  a  large  space  between  the  outside,  canyon  entrance  before 
referred  to  and  chamber  two.  The  deposit  was  tunneled 
through,  thus  making  open  communication  between  the  sur- 
face and  this  chamber.  The  deposit  is  56  ft.  long,  running 
approximately  southeast  by  northwest ;  its  greatest  depth  is  28 
ft.  Its  surface  in  the  canyon  entrance  is  covered  by  blocks  of 
limestone.  The  deposit  in  this  portion  of  the  cave  has  been 
intermittent  in  its  deposition.  Strata  of  mixed  earth  and 
gravel  and  of  red  earth  occur.  In  about  the  middle  of  the 
beds,  in  vertical  section,  a  thick  flooring  of  stalagmite  appears. 
It  is  thicker  at  places  where  there  has  been  drip  from  the  roof. 

The  material  of  this  deposit  was  carried  in  by  wash  and 
slide  from  the  entrance  during  the  cutting  of  the  canyon.  It 
filled  a  former  entrance  of  chamber  two. 

Method  of  Excavation, 

Afl  in  the  Potter  Creek  cave,  the  deposits  were  sectioned  off 
in  numbered  squares  of  4  ft.  That  of  chamber  one  was  first 
excavated.  A  cut  was  made  in  the  deposit  at  the  entrance  to 
the  fissure  and  carried  through  to  the  inner  end.  The  fossil 
material  was  removed  from  benches  a  foot  deep  and  each 
specimen  labeled  as  to  horizontal  and  vertical  position.  As 
tne  digging  progressed,  the  waste  material  was  thrown  back  to 
the  hard  floor  in  chamber  one.  It  was  necessary  in  working 
through  the  breccia  to  use  powder  and  blast,  though  this  was 
detrimental  to  the  fossils  contained  in  the  breccia. 

Previous  to  the  opening  of  the  outside  passage  way  to  the 
grotto  in  chamber  two,  a  ladder  85  ft.  long  was  necessary  to 
gain  access  to  its  floor.  For  this  purpose  a  rope  ladder  with 
wooden  rounds  was  used.  Two  holes  were  drilled  in  the  floor 
of  the  chamber  above.  In  the  holes  drills  were  securely 
imbedded.  Thimbles  that  were  fastened  in  the  free  upper 
ends  of  the  ladder  were  then  dropped  over  the  drills  and  tied 
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there.     The  ladder  huDg  free  from  its  upper  fastenings  to  the 
floor  below. 

The  deposit  in  chamber  two  was  also  sectioned  off  and  the 
dirt  removed  section  by  section.  Specimens  were  frequently 
cemented  by  stalagmite  to  the  hard  floor  at  the  bottom  of  the 
deposit  and  had  to  be  freed  by  the  use  of  gads. 

The  discovery  of  specimens  imbedded  in  the  surface  of  a 
stalagmite-covered  slope  led  to  the  excavation  in  the  southeast 
grotto  leading  from  chamber  two.  A  low  tunnel  20  ft.  long 
was  run  through  this  deposit  in  a  southeasterly  direction.  At 
the  farther  end  a  space  8  ft.  high  by  4  ft.  wide  was  hollowed 
out.  Falling  blocks  of  stone  and  the  danger  of  a  sudden  cav- 
ing in  of  the  loose  dirt  above  made  a  discontinuance  of  the 
work  at  this  place  necessary. 

With  the  object  of  ascertaining  the  distance  of  the  tunnel 
workings  from  the  canyon  outside,  Professor  Merriam  made  a 
series  ot  measurements  with  compass  and  a  tape  line  from  the 
far  end  of  the  tunnel  to  the  top  of  chamber  two  and  through 
the  winding  passages  of  the  cave  to  the  canyon  grotto  outside. 
These  measurements  indicated  that  the  small  cave  at  the  base 
of  the  cliff  in  the  canyon  was  but  a  few  feet  from  the  inner 
tunnel  workings.  Work  was  then  commenced  in  the  floor  of 
the  canyon  cave.  A  shaft  was  sunk  4  ft.  square  by  10'5  ft. 
deep,  at  which  depth  a  stalagmite  floor  was  encountered.  At 
this  place  a  strong  draught  of  air  which  made  the  candles 
flicker  was  noticed  coming  from  a  stratum  of  gravel  in  the 
cave.  A  drift  8  f t.iong  was  run  at  right  angles  to  the  shaft  in 
a  northeasterly  direction.  As  the  dri^t  progressed  the  draught 
had  perceptibly  increased  and  become  so  strong  and  cold  as  to 
make  working  uncomfortable.  On  continuing  in  the  same 
direction  an  opening  was  made  to  a  series  of  two  sealed  grot- 
toes. The  surface  of  the  deposit  slope  formed  the  floor  of 
these.  Signals  had  been  previously  arranged  so  that  a  person 
knocking  against  the  walls  in  the  tunnel  from  chamber  two 
would  be  understood  if  heard  bv  those  above.  When  excava- 
tion  had  reached  the  sealed  grottoes,  signals  could  be  distinctly 
heard  close  by.  In  moving  about  the  floor  to  locate  the 
signals  from  chamber  two,  we  suddenly  heard  a  voice  below 
warning  us  to  move  carefully  or  we  should  break  through.  It 
was  found  that  a  distance  of  only  about  one  and  one  half  feet 
intervened  between  the  tunnel  and  the  grotto  above,  and  a 
moment's  work  with  a  shovel  opened  communication  with  the 
chamber  below. 

Fossil  Remahu. 

The  deposits  in  chamber  one  contained  a  relatively  large 
quantity  of  material.  Teeth  and  bones  of  extinct  species 
were  found  on  the  surface.     Many  coipplete  bones  were  taken 
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from  the  loose  earth  and  gravel,  also  numerous  teeth.  Frag- 
ments and  split  bones  were  plentiful.  The  breccia  layer  was 
exceptionally  rich  in  remains.  Most  of  the  specimens  are  in 
a  fine  state  of  preservation.  Those  on  the  suilace  had  a  coat- 
ing of  stalagmite  of  varying  thickness.  When  the  stalagmite 
was  removed  the  bone  was  found  to  be  white  and  fresh  look- 
ing although  it  contained  no  organic  matter.  The  specimens 
from  the  earth  wfere  more  or  less  discolored  though  in  good 
condition.  The  bones  of  young  individuals  in  some  cases 
were  in  a  crumbling  condition.  In  the  gravel  layers  a  thin 
incrustation  of  stalagmite  covered  the  bones.  Some  old 
rodent  burrows  were  dug  into  the  upper  layer  of  earth  and  in 
these  recent  rodent  remains  were  numerous.  The  fragmen- 
tary material  consisted  principally  of  split  pieces  of  narrow 
bones.  The  pieces  were  in  most  instances  gnawed  around 
their  edges  by  rodents,  the  marks  of  the  incisor  teeth  being 
distinct.  Some  fragments  show  long  grooves  and  roughened 
places  on  the  surface  as  if  they  had  been  crushed  between  the 
teeth  of  laige  carnivores. 

The  fossite  in  this  deposit  had  access  through  the  same  open* 
ing  as.  the  earth  and  gravel  and  were  deposited  with  it.  That 
probably  there  were  two  distinct  periods  of  deposition  is 
shown  by  a  slight  difference  in  fauna  in  its  top  and  bottom 
layers,  in  the  lowest  portion  of  the  deposit  ground-sloth 
{Meaalonyxt)  teeth  occur,  but  they  are  absent  in  the  top  layers. 
So  ifar  there  are  20  species  recognized ;  of  these  8,  or  40  per 
cent,  are  extinct. 

Following  is  a  list  of  species  from  the  tissuro  deposit : — 

Urgus  americanus  Pallas. 
Ursus,  n.  sp. 
VulpeSy  sp. 

Jhitorius  arizonensis  Mearns. 
Aplodontia  major  Merriam  C.  H. 
Aplodontia  near  major  Merriam  C.  H. 
Aplodontia  rufa  Ratinesque. 
Arctomt/Sy  sp. 
Jjepus  auduhoni  Baird. 
ThomoniySy  sp. 
77iomomi/8  monticola  Allen. 
Citdlus  douglasi  Richardson. 
SciuruSy  sp. 

JEJret/iizon  epixanthiis  Brandt. 
Euceratherium  colliiium  Sinclair  and  Furlong. 
Haplocertis,  sp. 
Odocoiletis,  sp. 
Equus  occidentalia  Leidy. 
ElephaSy  sp.   (tooth  fragment) 
MegalonyXyS\i. 
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The  area  of  deposit  in  chamher  txoo  when  first  viewed  pre- 
sented an  interesting  spectacle.  Its  surface  was  strewn  with 
skulls  and  limb  bones.  Near  the  foot  of  the  ladder  lay  a 
cougar  skull.  It  was  covered  with  stalagmite  an  inch  thick 
but  showed  the  outlines  of  skull  perfectly.  Imbedded  in 
stalagmite,  the  limb  bones  of  the  same  individual  were  lying 
near  it.  Near  the  middle  section  the  skeleton  of  the  unfortu- 
nate Indian  woman  was  stretched  on  its  i^ide.  The  pelvic 
girdle  and  skull  had  a  thin  film  of  stalagmite  crystals  over 
them,  and  the  remainder  of  the  bones  were  covered  by  a  soft 
black  mould.  Near  the  human  skeleton  lay  the  type  speci- 
men of  Euceratlieriumi^.  In  the  surface  clay  and  lying 
loosely  about  were  several  raccoon  skeletons.  Porcupine  and 
other  rodent  bones  were  plentiful.  Mammal  remams  were 
abundant  from  the  top  of  tne  deposit  to  the  hard  floor  below. 
In  the  clav  and  on  the  stalagmite  capping  the  fossil  remains 
of  several  Myriopods  were  found,  the  exoskeletal  structure 
and  form  being  perfectly  represented. 

On  some  of  the  higher  slopes  in  chamber  two  and  in«  most 
of  the  grottoes  there  were  a  number  of  small  skeletons.  Of 
these,  several  were  porcupines  and  raccoons.  An  almost  com- 
plete porcupine  skeleton  with  the  bones  lightly  covered  by 
stalagmite  was  found  in  one  of  the  grottoes.  In  most  instances 
the  enveloping  stalagmite  tended  to  keep  them  in  perfect  con- 
dition. A  marked  feature  of  the  specimens  deposited  at  this 
place  was  the  completeness  of  several  skeletons  and  the 
unbroken  condition  of  skulls  and  limb  bones.  For  this  reason 
the  supposition  of  entrance  through  the  opening  85  feet  above 
would  be  improbable.  The  presence  of  entire  skeletons  of 
bear,  cougar,  Preptoceras  and  small  carnivores  led  to  the 
belief  that  the  animals  with  the  exception  of  the  ungulates 
had  tree  access  to  the  cave  at  some  previous  time.  The  later 
work  of  excavating  from  the  southeast  grotto  to  the  canyon 
cave  proved  the  belief  to  be  correct.  From  the  slope  in  the 
grotto,  where  the  tunnel  was  run,  to  within  8  feet  of  the  sur- 
face at  the  outside  entrance,  scattered  parts  of  individuals  like 
the  animals  in  the  main  deposit  were  found.  The  well-known 
hibernatnig  habit  of  bears  readily  accounts  for  their  presence 
in  the  chamber.  At  the  present  time  hunters  in  that  region 
make  the  rounds  of  the  known  caves  where  bears  are  in  the 
habit  of  housing  for  the  winter.  It  is  not  uncommon  for 
cougars  to  use  such  places  for  a  lair.  It  is  not  improbable 
that  bears  and  cougars  used  chamber  two  when  entrance  was 
possible.  It  is  true  such  animals  do  not  care  to  go  far  from 
the  light,  but  it  would  not  have  been  necessary  during  the 
time   the   cave   was   inhabited.     The   deposit  filling  the   old 

*  Fnrlong  and  Sinclair,  Bull.  Dept.  Qeol.  Univ.  Calif.,  vol.  iii,  p.  411. 
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entrance  is  of  considerable  extent  and  fills  a  large  space  that 
when  clear  would  probably  permit  rays  of  light  to  penetrate 
to  some  of  the  deeper  parts  of  the  chamber. 

That  bears  and  cougars  prey  on  ungulates  and  smaller 
mammals  is  well  demonstrated  in  the  present  day,  and  the 
finding  of  large  quantities  of  scattered  and  broken  ungulate 
material,  such  as  deer,  Euceraiherium^  Preptoceras  with  many 
rodents,  as  rabbits  and  gophers,  supports  the  view  that  they 
were  brought  in  by  carnivores.  The  large  carnivore  skeletons 
were  found  in  several  cases  to  be  nearly  complete  and  but 
little  disturbed,  and  the  supposition  that  the  carnivores  inhab- 
ited the  cave  and  were  in  the  habit  of  dragging  their  prey  to 
the  lair  to  feast  on  it  at  leisure,  is  probably  correct. 

Following  is  a  list  of  the  species  represented  in  chamber 
two  and  in  the  deposit  leading  irom  the  chamber.  There  are 
21  species,  of  which  6,  or  28*5  per  cent,  are  extinct. 

UrsuSy  n.  sp. 

UrsvSf  sp. 

Urocyon  townsendi  Merriam  C.  H. 

Procyon  near  lotor  Linn. 

Fdis  near  hippolestea  Merriam  C.  H. 

Mephitis  occidentalis  Baird. 

Muateta^  sp. 

Aplodontia  near  major. 

Erethizon  epixa7ithu8  Brandt. 

Jjepus  auduboni  Baird. 

Lepu%^  sp. 

MiorotuBy  sp. 

Neotoma  fuscipes  Baird. 

Neotomay  sp. 

tSciuruSy  sp. 

CiteUus  douglaai  Richardson. 

Euceratherium  collinum  Sinclair  and  Furlong. 

Preptoceras  ainclairi  Furlong. 

OdocoileuSf  sp.     (a) 

OdocoiUvSy  sp.     {h) 
MegdUmyXy  sp. 

Age  of  iSamwel  Cave  Fauna. 

The  Samwel  fauna  through  its  percentage  (over  30  per 
cent)  of  extinct  species,  and  its  typical  Quaternary  species,  as 
the  groundnsloth,  Plquus  occidentalism  Teonoma  spelasa  f  Ursus 
n.  sp.,  Elephas^  Euceratherium  and  Preptoceras^  establishes  its 
age  as  Quaternary. 

A  comparison  of  the  species  from  chamber  one  and  chamber 
two  shows  a  greater  percentage  of  extinct  species  from  the 
former.  That  the  remains  may  have  had  entrance  to  chamber 
one  many  years  before  it  was  possible  for  chamber  two  to  be 
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used  by  animals  or  for  their  remains  to  reach  it,  is  shown  by 
the  relative  positions  of  the  two  entrances.  Though  the 
former  entrance  to  the  fissure  in  chamber  one  is  closely  sealed, 
its  outer  opening  could  only  be  from  the  top  of  the  cliff  the 
cave  is  in.  The  entrance  to  chamber  two  from  the  canyon  bed 
is  a  hundred  or  more  feet  below  the  point  where  the  iissure 
entrance  was  probably  located.  The  additional  time  required 
for  cutting  of  the  canyon  to  the  depth  of  the  lower  entrance 
would  be  considerable. 

The  foregoing  reasons,  viz :  the  faunal  difference  and  the 
probably  greater  age  of  the  entrance  to  chamber  one,  tend  to 
show  that  the  fissure  deposit  is  older  than  the  deposit  in  cham- 
ber two. 

While  the  faunas  of  Potter  Creek  Cave  and  Samwel  Cave 
are  both  Quaternary  and  are  closely  allied,  there  are  some  dif- 
ferences that  suggest  difference  in  age.  Preptocera^  and  the 
Porcupines  are  present  in  Samwel  Cave  and  absent  from  Pot- 
ter Creek  Cave.  Arctotherium^  Camelua^  and  Mastodon  are 
present  in  Potter  Creek  Cave  and  absent  from  Samwel  Cave. 
These  faunal  differences  are  probably  to  be  correlated  with  a 
difference  in  the  physiographic  relations  of  the  Samwel  Cave 
and  indicate  that  it  is  of  somewhat  later  origin  than  the  Potter 
Creek  cave.  In  support  of  this  hypothesis,  the  river  terraces 
of  the  McCloud  canyon  offer  some  evidence. 

On  both  sides  of  the  McCloud  canyon  at  Samwel  Cave  sev- 
eral distinct  terraces  are  visible.  Across  the  McClond,  south 
of  l^ollibokka,  well-defined  terraces  are  cut  in  Hirtz  Mt. ;  the 
lowest  of  these  is  27  feet  above  the  river.  Above  the  latter, 
approximately  150  feet  higher,  is  a  smaller  terrace.  Between 
this  and  a  terrace  approximately  300  feet  higher  several  small 
benches  occur.  The  177  ft.  terrace  corresponds  to  a  level  but 
a  short  distance  below  the  canyon  cave  entrance.  The  300  ft. 
terrace  is  on  a  level  with  the  top  of  the  cliff  over  the  main 
entrance  to  the  cave.  One  of  the  small  benches  between  the 
177  and  477  ft.  terraces  corresponds  to  the  level  of  the  main 
entrance  itself.  It  is  probable  that  when  the  McCloud  river 
flowed  at  a  level  477  ft.  higher  than  its  present  height  opposite 
the  cave,  and  when  making  the  terraces  at  that  height  on  Ilirtz 
Mountain,  the  cave  was  being  partly  carved  out  by  solution  and 
subterranean  water  flow.  During  subsequent  river  cutting  to 
the  terrace  in  front  of  the  upi)er  cave  entrance,  the  large 
chambers  were  formed.  The  time  represented  by  the  cutting 
between  this  last  terrace  and  the  one  just  below  the  canyon 
entrance  was  tlie  period  when  mammals  inhabited  portions  of 
the  cave  and  the  deposit  in  chamber  one  was  formed.  During 
the  latter  part  of  this  ])eriod  chamber  two  was  opened  and 
occupied.     When  the  river  cut  to  a  still  lower  level  and  the 
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canyon  on  which  the  lower  cave  enti'ance  opens  was  deepened, 
the  lower  entrance  was  gradually  filled. 

The  terrace  477  ft.  ahove  the  river  on  Hirtz  mountain  cor- 
responds to  the  level  of  the  top  of  the  clifE  over  the  Samwel 
Cave  and  probably  represents  also  the  present  elevation  of  an 
early  terrace  staee  mentioned  by  Dr.  Sinclair.*  It  is  240  ft. 
above  the  river  level  at  Baird  and  is  represented  by  gravel- 
strewn  terraces  at  that  height.  This  being  the  case,  considera- 
ble time  must  have  elapsed  after  the  opening  of  Potter  Creek 
Cave,  which  opened  at  the  800  ft.  level  and  prior  to  the  open- 
ing of  the  Samwel  Cave. 

Possible  Quaternary  Artifacts. 

In  the  course  of  excavation  numerous  split  bones  were 
encountered.  Most  of  these  have  many  marks  made  by 
rodents  and  large  carnivore  teeth.  Some  have  been  gnawed 
around  their  entire  edge.  Split  bones  were  also  found  that 
have  polished  surfaces  like  some  of  those  described  by  Sinclair 
from  the  Potter  Creek  Cave. 

A  piece  of  chipped  lava  was  removed  with  some  bones  a 
few  inches  below  the  surface  in  the  deposit  in  chamber  one. 
It  was  found  aftei:  the  firing  of  a  blast  and  may  have  fallen  in 
from  the  surface,  though  its  being  covered  by  a  film  of  stalag- 
mite may  support  the  belief  that  it  was  in  place. 

A  chippea  obsidian  was  removed  from  a  bucket  of  earth 
and  ffravel  hoisted  from  a  depth  of  several  feet  while  sinking 
the  shaft  through  the  deposit  filling  the  lower  entrance  to 
chamber  two. 

The  description  and  discussion  of  the  archaeological  value 
of  these  specimens  by  Professor  F.  W.  Putnam  is  m  press  at 
the  time  of  writing  this  report. 

University  of  California,  May,  1906. 

♦  Univ.  Calif.  Publ.  Am.  Arch,  and  Eth.,  vol.  ii,  No.  1,  p.  24. 
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Abt.  XXIII. — Occurrence  of  Unakite  in  a  New  Locality  in 

Virginia  /  by  Thomas  L.  Watson. 

The  name  unakite  was  proposed  for  a  unique  variety  of 
granite  composed  of  the  essential  minerals  epidote,  pink  feld- 
spar and  quartz,  from  the  Great  Smoky  Mountains,  a  portion 
of  the  Unaka  range  of  the  Blue  Ridge,  which  marks  the  bound- 
ary between  Tennessee  and  North  Carolina.  The  type  local- 
ity, Madison  county,  North  Carolina,  and  Cocke  county, 
Tennessee,  was  first  described  by  Bradley  in  1874,*  and  the 
specimens  were  from  the  slopes  of  the  peaks  known  as  "  The 
Bluff,"  "Walnut  Mountain,"  and  "Max's  Patch,"  Cocke 
county,  Tennessee,  and  Madison  county,  North  Carolina. 

Later,  a  second  locality  in  which  this  rare  variety  of  granite 
occurs  was  noted  in  the  Blue  Ridge  at  Milam's  Gap,  near 
Luray  in  Page  and  Madison  counties,  Virginia.  Phalenf 
visited  and  studied  the  unakite  in  the  Virginia  area  and,  in 
1904,  published  a  preliminary  paper  on  the  occurrence  and 
petrography  of  the  unakite  and  its  associated  rock. 

The  occurrence  of  the  unakite  in  the  two  widely  separated 
areas  is  somewhat  similar,  but  the  unakite-bearing  rocK  is  dif- 
ferent in  each  locality.  In  the  North  Carolina-Tennessee 
area  the  unakite-bearing  rock  is  an  epidote-bearing  mica  gran- 
ite which,  in  places,  contains  little  or  no  quartz  and  becomes 
syenitic.J  The  unakite-bearing  rock  in  the  Milam's  Gap  area 
of  Virginia  is  reported  by  Phalen  to  be  a  hypersthene  akerite. 
In  both  localities  the  epidote  of  the  unakite  has  been  proved 
by  Watson  and  Phalen  to  be  6econdary.§ 

In  a  recent  trip  to  Ashe  county,  North  Carolina,  the  writer 
collected  specimens  of  typical  unakite  from  Grayson  county, 
Virginia,  a  locality  not  hitherto  reported,  so  far  as  the  writer  is 
aware.  Specimens  were  collected  along  the  Marion-Jefferson 
public  road,  about  two  and  a  half  miles  south  of  Troutdale,  a 
railroad  terminus  near  the  crest  of  Iron  Mountain,  in  Grayson 
county,  Virginia.  Time  was  insufficient  to  prove  the  extent 
of  the  area  or  to  study  the  occurrence  and  association  of  the 
rock.  Loose  angular  masses  of  moderate  size  of  the  unakite  were 
observed  for  some  distance  along  the  roadside  and  the  speci- 
mens taken  closely  resemble  those  from  Madison  county. 
North  Carolina.  Tiie  rock  (unakite)  is  composed  of  dominant 
yellow-green  epidote,  deep  pink  feldspar  and  quartz,  with  no 
trace  of  a  ferroniagnesian  silicate  indicated. 

♦Thi8  Journal,  vol.  cvii,  pp.  519-520,  1874. 

t  Smithsonian  Miscellaneous  Collections,  vol.  xlv,  pp.  306-316,  1904. 
X  Watson,  Thomas  L.,  Journal  of  Geology,  vol.  xii,  p.  395  et  seq.,  1904. 
g  Loc.  cit. 

Geological  Department,  Virginia  Polytechnic  Institute, 
Blacksburg,  Virginia,  June,  1906. 
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Abt.  XXIV. — Types  of  Permian  Insects  /  by  E.  H.  Sellards. 

In  the  October,  1903,  issue  of  this  Journal  the  writer  noted 
briefly  the  discovery  of  insects  in  the  Permian  of  Kansas.  The 
material  is  of  exceptional  interest  as  giving  the  most  complete 
record  of  Permian  insect  life  thus  fer  obtained.  Somewhat 
over  two  thousand  specimens  are  now  at  hand  and  indicate  the 
richness  as  well  as  the  interesting  character  of  the  Permian 
insect  fauna.  For  the  present  paper,  leading  types  from  the 
collection  are  selected  lor  description,  a  full  account  of  the 
fauna  as  a  whole  being  reserved  for  subsequent  monographic 
treatment.  Unless  otherwise  indicated,  the  type  specimens 
described  are  in  the  writer's  collection. 

Part  I.  —  Odonata. 

Odonata  have  not  been  obtained  previously  from  the  Per- 
mian. Several  genera  are  known  from  the  Coal  Measures, 
those  from  the  Commentry  Coal  Measures  of  France  being 

farticularly  well  known  through  the  researches  of  Brongniart.* 
n  the  Mesozoic  the  group  is  fullv  represented  by  a  rich  series 
of  specimens  from  tne  Solenhofen  deposits.  The  American 
Permian  specimens  give,  therefore,  a  welcome  addition  toward 
a  fuller  history  of  this  interesting  line  of  insect  development. 
The  foundation  studies  of  Comstock  and  Needham,t  together 
with  the  special  study  of  dragon-fly  wing  venation  by  Need- 
ham,:!:  have  afforded  for  the  classification  of  the  dragon-flies  a 
basis  much  more  secure  than  has  been  available  heretofore. 
In  seeking  types  among  the  living  genera  with  which  to  com- 
pare the  lossil  forms,  I  have  found  it  convenient  to  go  repeat- 
edly to  Needham's  paper,  as  being,  in  the  absence  of  a  large 
dragon-fly  collection,  the  most  accessible  and  most  reliable 
source  oi  detailed  information  regarding  the  wing  venation  of 
the  modern  forms.  I  very  gladly  express  my  indebtedness  to 
these  authors  for  their  valuable  investigations,  without  which 
a  study  of  the  Permian  types  would  have  been  attended  with 
much  greater  difficulties. 

The  following  discussion  is  based,  so  far  as  it  concerns  Per- 
mian forms,  on  the  exceptionally  well-preserved  specimen  illus- 
trated by  the  accompanying  figures,  1  to  6.  The  genus  and 
species  are  new  and  1  suggest  that  this  type  be  known  as 
Tujpus  permianus. 

*  R^herches  ponr  servir  a  PHistoire  des  Insectes  fossiles  des  Temps  pri- 
maires,  Charles  Brongniart,  pp.  394-406,  1893. 

f  The  Wings  of  Insects,  by  J.  H.  Comstock  and  J.  G.  Needham,  Amer. 
Nat.,  vol.  xxxii,  1898,  and  vol.  xxxiii,  1899. 

JA  Genealogical  Study  of  Dragon-fly  Wing  Venation,  Proc.  U.  S.  Nat. 
Mus.,  vol.  xxvi,  pp.  703-764,  pis.  xxxi-liv. 
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In  the  description  to  follow,  the  wing  is  considered  by  areas, 
as  in  this  way  its  relations  to  earlier  and  to  later  forms  are 
more  readily  indicated. 

TTie  base  of  the  wing, — The  base  of  the  modem  dragon-fly 
wing  represents,  as  is  well  known,  some  very  characteristic 
features.  The  costa  is  strong  and  marginal  or  with  merely  a 
narrow  expanse  of.  thickened  membrane.  The  snbcosta  lies  at 
the  bottom  of  a  deep  fold.  The  radius  and  media  are  fused 
at  the  base  and  lie  at  the  top  of  a  corrugation.  The  cubitus 
appears  in  the  basal  part  of  the  wing  as  a  strong  vein  at  the 
bottom  of  a  furrow.  The  anal,  also  a  strong  vein,  lies  in  turn 
at  the  top  of  a  fold.  Essentially  the  same  features  are  pre- 
sented by  the  base  of  the  wing  of  Coal  Measures  and  Permian 
dragon-nies,  thus  aflFording  a  starting  point  in  homologizing 
the  wing  veins  of,  Paleozoic  and  modem  types.  A  clear  recog- 
nition of  the  homologous  parts  at  the  base  of  the  wing  is  of 
great  importance  in  following  the  further  interpretation  of  the 
veins  throughout  the  wing,  and  I  introduce  here  for  compari- 
son the  base  of  the  wing  of  a  modern  dragon-fly  with  that  of 
the  Permian  form  (figs.  2  and  3). 

The  costa, — The  costa,  as  indicated,  is  in  essential  agree- 
ment with  that  of  modem  dragon  flies.  The  genera  thus  far 
made  known  from  the  Commentry  Coal  Measures  have, 
according  to  the  illustrations  of  Brongniart,  a  more  distinct 
precostal  area  than  has  Tupus,  The  one  genus  known  from 
the  American  Coal  Measures,  Paralogus  Scudder,  in  which 
this  basal  area  is  preserved,  has,  according  to  Scudder, *x  the 
subcosta  (mediastinal)  close  to  the  margin. 

The  subcosta, — The  subcosta  continues  simple,  reaching 
usually  beyond  the  middle  line  of  the  wing,  gradually  ap- 
proaching and  merging  in  the  margin.  In  the  modern  forms 
the  subcosta  terminates  at  the  strong  cross  vein  forming  the 
nodus.  This  special  modification  is  concerned  chiefly  with  the 
specialization  of  cross  veins  and  will  be  considered  under  that 
head. 

The  radius  and  media, — The  radius  and  media  sepa- 
rate at  a  distance  of  from  1^  to  2^^"  from  the  base,  the 
media  ffoing  oflE  at  an  oblique  angle.  RadiuSj  continues  as 
a  simple  vein  to  the  apex  of  the  wing.  The  media 
divides  immediately  after  separating  from  the  radius.  The 
two  resulting  divisions  admit  of  interpretation  as  the  homo- 
logues  of  the  veins  marked  in  all  of  Needham's  figures  as 
M,^,  and  M^,  the  upper  division  (M,_,)  falling  into  a  furrow, 
the  lower  (MJ  topping  a  fold.  Their  subsequent  divisions 
likewise  admit  of  homologizing  in  the  same  way.     M^  runs  in 

♦Insect  Fauna  of  the  Rhode  Island  Coal  Field,  Bull.  U.  S.  Geol.  Survey, 
No.  101,  p.  20,  pi.  1,  figs,  a  and  6,  1893. 
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a  curved  course  and  reaches  the  inner  border  well  toward  the 
apex,  and  has,  as  is  usual  with  the  general  run  of  Odonata, 


FiocRB  2. — Base  of  the  right  front  wing  of  I^pu*  pcrmianiM.  C,  coflt« ; 
Sc,  BnbcoBta;  R,  radius;  M,.|,  bnwchee  1  to  3  of  media;  Mi,  foartb  branch 
of  media ;  Cn,  cabitua ;  A,  anal.     Draim  with  the  camera  Inoida ;  enhuged 

foar  diameters. 

particularly  Odonata  Anisoptera,  a  considerable  number  of 
veins  from  the  lower  side  filling  the  space  between  itself  and 
the  cubitus,  M,  separates  from  M,_„  and,  again  agreeing  to 
a  surprising  degree  with  M,  of  Anisoptera,  runs  in  a  curved 
coarse  parallel  and  close  to  M^. 
No  interpolated  veins  appear 
between  M,  and  M,.  M,.,  di- 
vides opposite  the  subnodus; 
from  tliis  point  both  divisions 
,  continue  as  simple  veins,  pre- 
senting again  an  unexpected 
agreement  with  Odonata  Ani- 
soptera. 

Radial  sector,  subnodus,  and 

ohliqiie    vein.  —  It    is   a   well- 

1  known  fact   that  to  recognize 

modern  dragon-fly.    Lettering  and  the  radial  sector  in  the  adolt 

enlart-ement  as  in  %ure  2.  Both  (iragon-flv  wing  is  often  a  mat- 
winifB  aie  viewwi  from  the  veutrnl  ,  *>.  ,.~  ,,  »  ivr-iu  .i  n  i 
Bnrface,  the  body  obscuring  the  ei-  ter  Of  dlthcultj.  With  the  Pal- 
treioe  base  of  the  wing.  eozoic  forms,  the  adults  only  of 

which  are  available,  we  must 
therefore  ex])ect  to  recognize  the  radial  sector,  as  a  rule,  from 
its  relation  to  other  veins  rather  than  from  any  evidence  in 
the  sector  itself.  Fortunately,  howevei-,  in  most  dr^on-ilies 
structural  evidence  bearing  on  the  position  of  the  radius  is  not 
wanting  even  in  the  adults,     Tlie  keen  observations  of  Need-   ■ 


FiocRE  3.— Base  of  the  wing  of  a 
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ham  emphasized  the  fact  that  there  exists  in  the  wiDg  of  most 
adult  dnigon-flies  a  persistentiy  oblique  cross  vein  lying  usually 
at  or  just  beyond  the  separation  of  J^i-i ;  ^Iso  ^  simitar  oblique 
vein  above,  uniting  the  radius  and  M,,  From  the  nymph  wmg 
it  was  found  that  the  trachea  of  the  radial  sector  crosses  M,  „ 
and  that  the  oblique  apparently  cross  veins  are  in  fact  parts  of 
the  sector.  An  exammation  of  this  region  on  the  Fermiati 
genns  Tupus  reveals  the  presence  of  such  an  oblique  vein 
arising  from  M,  at  a  point  just  beyond  the  separation  of  M, 
and  M,;  also  an  equally  well-marked  oblique  vein,  the  sub- 
nodns,  connecting  the  radius  and  media.  Bearing  in  mind 
the  complete  agreement  of  all  other  veins  of  the  radio-medial 
area  with  those  of  the  same  area  in  modern  Odonata,  there  can 


Figure  5  — Same  area  from  the 
left  hind  wing  of  Tupu$  peroiianus. 
EnUrgemeDt  and  lettering  aB  in  &g- 
nre  4.  In  this  wing  there  is  a,  sligbt 
d^prsBBion  (oot  atown  in  the  figure) 
running  from  tbe  subnodua  tuwurd 
the  oblique  vein. 


Fiauaa  4. — Enlarged  detail  of  tlie 
r^on  of  the  enbnodiu  of  Tupug  ptr- 
miantia,  taken  from  the  right  front 
wing.  Sn,  Hubnodna ;  O,  oblique 
Tein  ;  Br,  bridge;  R,  rod  ins  ;  M|, 
flrst  main  branch  of  media  ;  Mt,  sec- 
ond main  branch  of  media ;  Its,  ra- 
dial sector;  Hi,  third,  and  H,.  foarth 
main  br»ncheH  of  media.  Enlarged 
A  diam.:  drawn  with  camera  lucida. 

scarcely  remain  a  doubt  as  to  the  meaning  of  these  two  oblique 
cross  veins.  They  clearly  indicate  a  crossing  of  tJie  radial  sec- 
tor. The  area  of  the  wing  in  the  region  of  the  crossing  of  the 
sector  is  shown  enlarged  in  the  accompanying  camera  lucida 
sketches.  The  fundamental  significance  of  the  crossing  of  the 
sector  as  a  bond  or  relationship  between  Paleozoic  and  modern 
forms  is  too  obvious  to  require  further  emphasis.* 

It  will  be  observed  tliat  in  this  Permian  genus  there  is  appar- 
ently a  loss  of  that  part  of  the  sector  lying  between  M,  and  M,, 

*  Handlinch'a  atatement,  Bevieion  American  Paleozoic  Insects,  p.  G89, 
with  reference  to  the  Protodonata,  that  the  "  intersection  of  tlie  longitudi- 
nal veins"  iM  "still  entirel;  wanting,"  can  not,  I  feel  sure,  be  maintained 
in  view  of  the  evidence  here  presented.  The  agreement  of  tht^  veins  of  the 
entire  radio-median  area  is  altogether  too  complete  to  admit  of  explanation 
on  any  grounds  other  than  that  of  strict  homology. 
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Id  the  left  hind  wing  there  iB  &  slight  depression  not  shown  in 
the  illustration,  continuing  the  sabnodal  vein  and  rnnning 
toward  the  oblique  vein,  indicating  possiblj'  the  position  of  the 
vein  or  trachea.     A  compariBon  ot  the  position  of  the  snbnodns 


FiouRE    6. — Same    area   from   the  FiatxHB    7. — Snme  ar^a   from 

right  hind  wiag  of  Tupua  ptrmianui.  the  tring  of  a  modem  dragon  fij. 

Dotted  ItQes  indicate  restored  border  EDlurgement  and  lettering  as  in 

of  the  wing  loat  from  the  breaking  of  former  Qgaree. 
the  matrix.     Bsiargemeat  and  letter- 
ing as  inflgarea  4  and  5. 

and  oblique  vein  as  seen  in  Tupae  with  the  position  of  the 
trachea  as  seen  in  many  modem  nyinphe  is  instructive.  From 
the  nymphs  it  will  be  seen  that  the  trachea  often  lies  across 
the  media  beyond  the  separation  of  M,  and  M„  occupj-ing 
approximately  the  position  of 
8  the  snbnodns  and  obliqae  vein 

of  Tupus.  In  the  adult  condi- 
tion of  modern  dragon-flies  the 
subnoduB,  as  a  rule,  meets  the 
media  just  at  the  point  of  sepa- 
ration of  M,  and  M,.  It  is  prob- 
able that  the  subnodus  has  mi- 
grated in  modern  adult  dragon- 
Bies  to  itfi  present  position  from 
—    earlier    primitive    position, 


FiauKE  8 


— Position  of  trachea 
a  of  modem  nymph 
dragon-fly,  genna  Didyniops  ,■  after    sometimes   beyond   the   forking 
Needham      Lettering   as   above.       f    ^r        sometimes    perhaps 
The  indiBtmet  trachea  preceding    ,         ,  ■-",      .     ^         ■    ,   '    ,  '^ 

the  bridge  ia  present,  although  not  oaSBQ  ot  tliat  point.  As  a  re- 
lettered.  '  suit  of  its  important  function 
as  a  brace  the  subnodus  ie  held 
firmly  in  place,  while  the  oblique  vein,  serving  no  such  respon- 
sible function,  is  much  less  constant  in  position. 

The  cubitus. — Cn,  continues  from  the  strong  basal  origin  as 
a  simple  sinuous  vein  meeting  the  inner  border  slightly  beyond 
the  middle  line  of  the  wing.  It  is  observed  that  the  various 
genera  of  modern  drngon-fiioB  differ  not  a  little  among  them- 
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selves  in  the  disposition  of  the  cubitus.  With  the  adyanced 
Anisoptera  there  is,  as  demonstrated  by  Needham,  an  abrupt 
bend  m  the  cubitus  just  back  of  the  arcuhis,  the  bend  thus 
made  forming  the  base  of  the  triangle.  With  the  Zyfi:optera 
the  bend  is  much  less  conspicuous  and  the  sinuous  or  uniformly 
curved  type  of  Cu,  is  the  rule.  The  Zygoptera  have  thus 
retained  a  cubitus  much  less  differentiated  from  that  of  the 
Permian  form  than  have  the  Anisoptera.  The  course  of  Cu, 
in  the  Odonata  is  one  of  the  highly  characteristic  peculiarities 
of  that  unique  order.  Its  distinctive  feature  lies  in  the  fact 
that  immediately  after  leaving  CUj  it  fuses  with  the  first  anal, 
continuing  that  vein  and  giving  in  the  adult  the  appearance  of 
a  single  strong  vein  from  the  oase  of  the  inner  border. .  In 
those  advanced  Anisoptera  in  which  the  cubitus  is  most 
abruptly  bent,  Cu,  is  given  off  at  the  point  of  closest  approach 
to  the  anal.  With  those  more  generalized  Odonata  in  which 
the  cubitus  has  a  sinuous  course,  the  basal  part  of  Cu,  appears 
as  a  cross  vein.  It  is  hardly  to  be  expected  that  the  particular 
cross  vein  representing  the  basal  part  of  Cu,  can  in  all  cases  be 
recognized  in  the  fossil  genera.  It  is  to  be  noted,  however, 
that  in  the  Permian  genus  Tupus  a  cross  vein  some  distance 
from  the  base  becomes  conspicuous  by  its  strongly  slanting 

Eosition  (fig.  2).     A  similar   slanting   cross  vein  is  seen   in 
cudder's  careful   illustration   of    the   Coal  Measures  genus 
ParaloguB,'*' 

The  characters  thus  far  discussed  are  those  which  concern 
the  distribution  of  the  main  A^eins  of  the  wing,  and  as  such  are 
without  doubt  the  structurally  more  important  characters  of 
the  wing.  In  these  characters  there  is  found  to  exist  essential 
agreement  throughout  between  Paleozoic,  Mesozoic,  and  mod- 
ern dragon-flies.  That  there  are  differences,  many  and  obvious, 
scarcely  needs  stating.  Such  differences  as  exist,  however,  are 
associated  almost  wholly  with  the  specialization  of  cross  veins 
and  as  such  are  of  secondary  importance.  They  are  conveni- 
ently discussed  under  the  heading  of  cross  veins. 

Cross  veins. — Specialization  of  cross  veins  plays  a  leading 
part  in  the  development  of  mechanical  strengthening  devices 
with  which  the  wings  of  modern  dragon-flies  are  so  richly  sup- 
plied. With  the  Paleozoic  dragon-flies,  however,  the  cross 
veins  are  but  little  differentiated  among  themselv^es.  Such 
specialization  as  has  occurred  has  taken  the  direction  princi- 
pally of  the  matching  of  cross  veins  and  is  most  advanced  in 
the  basal  and  dorsal  part  of  the  wing.  In  the  Permian  genus 
Tu-pus  there  is  observed  near  the  base  a  strong  breice  corre- 
sponding to  the  triangular  brace  at  the  base  of  the  wing  of 

*  Bull.  U.  G.  S.,  No.  101,  pi.  i,  fig.  a. 
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many  modern  genera.  Lines  of  matched  cross  veins  are  seen 
also  in  the  basal  part  of  the  wing  (tig.  2). 

Nodus  and  stigma. — On  the  raleozoic  genera  thus  far 
known,  both  nodus  and  stigma  are  apparently  lacking.  Since 
the  nodus  is  recognized  as  merely  a  strongly  developed  cross 
vein  running  from  the  costa  to  the  radius,  at  which  cross  vein 
the  subcosta  usually  terminates,  the  existence  of  a  weak  nodus 
on  some  of  the  more  specialized  late  Paleozoic  genera  need 
occasion  no  surprise.  It  is  to  be  expected  that  the  subcosta 
will  in  early  types  reach  beyond  the  cross  vein,  the  nodus 
appearing  simply  as  a  strong  cross  vein  from  costa  to  sub- 
costa^ matched  with  a  similar  strong  cross  vein  from  subcosta 
to  radius.  Much  the  same  may  be  said  of  the  stigma,  a  strength- 
ening structure  tlms  far  not  observed  to  occur  on  these  early 
Odonates. 

The  arculxi^, — A  very  conspicuous  structural  feature  of  the 
modem  dragon-fly  wing  is  the  arculus.  As  is  well  known,  the 
arculus  of  this,  as  of  other  orders  in  which  it  occurs,  consists 
in  part  of  the  media  directed  obliquely  at  its  point  of  origin 
from  the  radius,  and  in  part  of  a  strong  cross  vein  from  the 
media  to  the  cubitus.  The  arculus,  as  a  conspicuous  feature, 
is  absent  from  the  wings  of  Paleozoic  dragon-flies  ;  yet  the  ele- 
ments which. compose  it  are  there  and  in  their  respective  posi- 
tions. For  the  formation  of  a  characteristic  arculus  there  is 
needed  scarcely  more  than  a  slightly  accentuated  bend  of  the 
media  at  its  separation  from  the  radius  and  a  correlated 
strengthening  of  the  cross  veins  bearing  the  chief  stress  in 
the  support  of  the  media.  Along  with  this  will  go  naturally 
the  more  or  less  comj)lete  disappearance  of  the  now  unneces- 
sary accessory  cross  veins. 

TriangU  and  ([uadrangle, — The  structures  known  as  trian- 
gle in  the  Anisoptera  and  as  quadrangle  in  Zygoptera  result, 
as  in  the  case  of  the  arculus,  from  specialized  cross  veins  in 
conjunction  often  with  a  modified  course  of  the  adjoining  main 
veins.  The  base  of  the  triangle  of  the  Anisoptera  is  lormed 
by  tlie  cubitus,  and  results  from  an  abrupt  bend  of  that  vein 
just  beyond  the  arculus.  The  sides  of  the  triangle  are  formed 
each  by  a  cross  vein  running  from  the  cubitus  to  the  media. 
With  tlie  Zygoptera,  in  whicli  the  bend  of  the  cubitus  is  less 
abrupt,  there  is  naturally  a  less  well-marked  structure  in  this 
region,  and  as  the  arrangement  of  cross  veins  gives  to  this  area 
a  quadrangular  rather  than  a  triangular  shape,  Keedham  has 
proposed  to  designate  it  as  the  quadrangle.  As  has  been  noted 
above,  the  cubitus  of  the  known  Paleozoic  forms  agrees  with 
that  of  the  generalized  modern  Odonates  in  its  sinuous,  rather 
than  abruptly  bent  course.  With  the  most  generalized  of 
modern  Odonates  the  quadrangle  or  triangle,  as  conspicuous 
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features,  can  scarcely  be  said  to  exist.     To  this  extent  they 
approach  the  Permian  type.* 

TTie  bridge, — To  the  supplementary  longitudinal  vein  inter- 
polated between  M,^  and  M,  and  connecting  with  the  radial 
sector,  Needhara  has  applied  the  term  hriage.  The  bridge 
appears  as  a  normal  feature  in  Tupus.  A  part  of  the  bridge 
is  seen  also  in  Paralogus.  Unfortunately  the  tip  of  the  wing 
of  that  genus  is  not  preserved.  The  crossing  of  the  radial  sec- 
tor has  doubtless  promoted  the  early  development  of  this 
structure. 

Classification, 

In  the  scheme  of  classification  of  Paleozoic  insects  proposed 
by  Professor  Samuel  H.  Scudder,  the  Paleozoic  dragon-flies 
were  disassociated  from  their  modern  descendants  and  placed 
along  with  all  other  Paleozoic  insects  in  the  Paleodictyojotera. 
Brongniart  (Recherches  des  Insectes  fossiles)  places  the  Proto- 
donata  as  a  family  group  under  the  large  order  of  Neuroptera. 
Professor  Anton  Handlirsch,  in  his  recent  publication  (Revision 
of  American  Paleozoic  Insects)  has  advanced  the  Protodonata 
to  ordinal  rank  to  stand  as  a  Paleozoic  order  coordinate  with 
the  Odonata  of  Mesozoic  and  modern  times. 

It  will  be  remembered  that  Professor  Scudder,  in  defense  of 
his  general  plan  of  classification,  has  urged  repeatedly  that  the 
insects  of  the  Paleozoic  were  more  closely  related  inter  se  than 
to  their  descendants  of  the  Mesozoic  and  later  times.  A  classi- 
fication based  upon  Scudder's  principle  must,  in  the  nature  of 
the  case,  break  aown  with  the  advance  of  knowledge  of  extinct 
forms,  for  as  the  life  history  of  the  various  lines  of  descent  is 
continuous,  it  necessarily  follows  that  the  artificially  placed 
dividing  line  between  the  Mesozoic  and  Paleozoic  can  remain 
a  distinct  break  only  so  long  as  there  remains  time  for  a  con- 
siderable development  between  the  earliest  known  Mesozoic 
and  the  latest  known  Paleozoic  representative  of  that  particu- 
lar line.  In  Scudder's  classification  emphasis  is  thrown  on  the 
interrelation  of  associated  but  diverging  groups,  or  what  may 
be  called  the  lateral  relation  of  organisms,  rather  than  on  the 
lineal  or  phylogenetic  relations.  In  this  connection  I  have 
urged  a  principle  of  classificationf  by  no  means  new  in  its 
application,  as  follows: — ''Any  natural  group  of  organisms 
should  be  recognized  as  extending  back  in  time  until  a  point 
is  reached  at  which   that  group  coalesces  with  a  group  or 

f  roups  of  coordinate  rank,  or  unites  with  the  parent  stock." 
'he  principle  proposed  by  Scudder  necessitates  breaking  phyla, 

*  As  a  genus  with  cubitus  unexpectedly  similar  to  that  of  TuptiSy  compare 
Pgeudophoea,  ^ 

t  This  Journal,  vol.  xviii,  p.  121,  1904. 
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the  earlier  members  to  be  grouped  with  the  parent  or  associated 
phyla,  while  the  later  stand  in  our  classification  under  distinc- 
tive names.  The  line  selected  as  the  point  at  which  to  break 
the  various  insect  phyla  was  the  imaginary  line  dividing  Pale- 
ozoic and  Mesozoic — a  line  subject  to  change  with  the  advance 
of  stratigraphy  and  paleontology  and  in  any  case  confessedly  a 
line  of  convenience.  A  more  natural  classification  is  attained 
by  recognizing  under  a  single  head  an  entire  phylum.  Diffi- 
culties will  be  met  in  applying  the  principle,  owing  to  the  near 
approach  of  the  first  ancestor  of  a  phylum  to  the  parent  phylum 
(unless  the  origin  of  phyla  should  prove  to  be  much  more  sud- 
den than  has  been  heretofore  generally  supposed).  In  practice 
it  is  clearly  safe  to  recognize  a  phylum  under  a  common  head 
as  far  toward  its  point  of  origin  as  the  evidence  available  per- 
mits the  line  to  be  with  certainty  determined.  Thus,  with  the 
dragon-flies,  there  is  apparently  no  doubt  of  the  origin  of  the 
phylum  as  a  distinct  line  in  Carboniferous  or  pre-Carbonifer- 
ous  time  and  continuing  to  the  present  time.  They  are  there- 
fore entitled  to  a  group  name  distinctive  of  the  phylum  as  a 
whole. 

Regarding  the  relative  rank  to  be  assigned  the  Protodonata, 
w^hether  ordinal  as  proposed  by  Handlirsch*  or  subordinal,  I 
would  urge  again  what  has  been  shown  above,  namely,  that 
the  main  veins  of  the  wings  of  the  Coal  Measures  and  Permian 
dragon-flies  present  an  arrangement  in  agreement  in  their 
major  characters  with  that  of  both  Mesozoic  and  modern 
dragon-flies.  The  differences  found  are  due  to  the  specializa- 
tion of  cross  veins,  with  which  are  associated  minor  changes  in 
the  direction  of  some  of  the  main  veins.  These  secondary  differ- 
ences are  to  my  mind  insufliicient  characters  on  which  to  base 
ordinal  rank.  The  characters  which  are  now  known  to  exist 
entitle  the  Protodonata  in  my  view  to  not  more  than  sub- 
ordinal  rank.  According  to  this  view  the  order  Odonata  con- 
sists of  three  suborders,  as  follows :  Protodonata,  Zygoptera, 
and  Anisoptera.  The  term  Odonata  is  thus  still  available  as 
an  ordinal  term,  covering  the  Odonate  phylum  as  a  whole. 

*  Revision  of  American  Paleozoic  Insects,  Proc.  U.  S.  Nat.  Musenm,  vol. 
xxix,  p.  689,  1906. 
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Art.    XXV.  —  The  Analysis  of  Dithionic  Acid  and  the 
Dithionates  ;  by  R.  IIarman  Ashley. 

[GontribntioQS  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxlvii.] 

AiXJORDiNG  to  the  method  of  analysis  employed  by  Dymond 
and  Hughes*  in  the  examination  of  potassium  dithionate, 
obtained  by  these  investigators  as  a  product  of  the  interaction 
of  potassium  permanganate  and  sulphur  dioxide,  a  weighed 
amount  of  the  dithionate  is  dissolved  in  water,  the  solution  is 
introduced  into  a  partially  vacuous .  closed  flask  containing 
hydrochloric  acid,  and,  after  heating,  iodine  is  run  in  to  deter- 
mine the  sulphur  dioxide.  In  this  action  of  hydrochloric  acid 
decomposition  takes  place  according  to  the  equations 

BaS.p,  +  2HCl  =  H,S,0,  +  BaCl, 
H,S,0,  =  H.SO,  +  SO,. 

The  sulphur  dioxide  formed  is  calculated  in  accordance  with 
the  expression 

SO,  + 1, 4-  2H,0  =  H,SO,  +  2HL 

It  is  to  be  noted,  however,  that  the  procedure  of  Dymond  and 
Hughes  according  to  which  iodine  is  introduced  into  the  solu- 
tion of  sulphur  dioxide  was  long  ago  criticized  by  Finkener,t 
and  for  it  has  been  substituted  the  method  suggested  by 
Finkener  and  elaborated  by  Volhard:}:  according  to  which  the 
solution  of  sulphur  dioxide  or  the  sulphite  is  introduced 
slowly  from  a  burette  into  the  iodine  solution,  the  purpose 
being  to  obviate  the  establishment  of  a  secondary  reaction 

SO.  +  4HI  =  2HO,  +  S  +  2l,. 

It  seemed  desirable  therefore  to  study  the  decomposition  of 
dithionates  by  boiling  with  hydrochloric  acid  under  conditions 
which  would  permit  the  estimation  of  the  evolved  sulphur 
dioxide  by  bringing  it  into  action  in  small  amounts  upon  an 
excess  of  iodine,  in  accordance  with  the  principle  of  the 
Finkener-Volhard  process. 

Barium  dithionate  was  chosen  as  a  suitable  salt  for  investi- 
gation. It  was  prepared  in  the  following  manner :  Manga- 
nese dioxide  suspended  in  water  was  treated  with  sulphur 
dioxide  gas  in  a  vessel  surrounded  with  meltint^  ice.  After 
tliis  treatment  tlie  solution  was  made  alkaline  with  an  excess 
of  barium  hydroxide   to   remove  sulphates   and   sulphites   as 

*  J.  Chem.  Soc,  Ixxi,  314-318. 

f  Finkener-Rose,  Qnant.  Anal.,  vi  Auf.,  p.  837. 

^Ann.  Chem.  Pharm.,  ccxlii,  94. 

Am.  Jour.  Sci. — Fourth  Series,  Vol.  XXII,  No.  129. — September,  1906. 
18 


260     R.  H.  Ashley — Dithionic  Acid  and  Vie  Ditkionates. 

well  a8  to  convert  the  manganese  dithionate  to  barium  dithion- 
ate.  The  excess  of  barium  hydroxide  was  removed  by  intro- 
ducing carbon  dioxide  and  boiling  to  break  up  any  acid  barium 
carbonate  which  might  have  l>een  formed  and  the  solution  was 
filtered.  The  filtrate  from  the  barium  carbonate  contained 
pure  barium  dithionate,  which  was  obtained  in  solid  form  by 
evaporating  this  solution. 

The  salt  so  prepared  gave  all  the  reactions  of  dithionic 
acid  and  had  a  composition  corresponding  to  the  formula 
BaS,0,*2H,0.  In  determining  the  composition  of  the  salt  two 
methods  were  used.  In  the  first,  the  barium  was  precipitated 
by  sulphuric  acid  and  weighed  as  barium  sulphate ;  in  the 
second  method  the  salt  was  introduced  into  a  platinum  cruci- 
ble and  blasted  to  drive  off  water  and  sulphur  dioxide,  the 
residue  being  weighed  as  barium  sulphate. 

A  salt  of  the  formula  BaS^Og^H/)  is  said  to  be  formed  by 
slow  evaporation.*  According  to  my  experience,  however, 
the  salt  crystallized  by  evaporation  over  a  flame  and  that  by 
evaporation  at  the  ordinary  temperature  in  a  vacuum  over 
concentrated  sulphuric  acid  had  the  same  composition  and 
both  preparations  gave  on  analysis  figures  corresponding  to 
the  formula  BaSaO^'^II/),  the  results  coming  within  0*3  per 
cent  of  theory.  Crystals  of  barium  dithionate  are  supposed 
to  effloresce,  but  no  evidence  of  such  action  was  found  in  my 

f)reparation8   when    the   crystals    were   kept   in   a   weighing 
)ottle  at  ordinary  room  temperature. 

In  studying  the  decomposition  of  barium  dithionate  under 
the  action  of  hydrochloric  acid,  crystals  of  the  salt  were 
weighed  out  and  transferred  into  a  Voit  flask  provided  with  a 
separating  funnel  sealed  on.  The  outlet  was  connected  to  a 
Drexel  receiver  containing  a  known  amount  of  standardized 
iodine,  and  the  outlet  of  this  receiver  was  provided  with  a 
trap  containing  a  solution  of  potassium  iodide.  Water  was 
first  run  into  the  Voit  flask  through  the  separating  funnel  and 
the  salt  was  dissolved  by  the  aid  of  heat.  Acid  was  next  run 
in  through  the  separating  funnel  and  the  whole  was  boiled,  a 
current  of  cai'bon  dioxide  being  employed  to  sweep  the  sul- 
phur dioxide  into  the  iodine.  Hydrochloric  acid  was  added 
from  time  to  time  through  the  separating  funnel  to  keep  up 
the  volume  of  the  liquid  and  the  concentration  of  the  acid. 
After  the  operation  had  proceeded  for  the  times  noted,  the 
whole  was  disconnected  and  the  iodine  remaining  was  deter- 
mined by  means  of  sodium  thiosulphate  with  starch  as  an 
indicator.  Itesults  of  experiments  conducted  in  this  manner 
are  given  in  Table  1. 

♦Watt's  Diet.,  vol.  iv,  p.  696. 
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Table  1. 

Decomposition  of  bariam  dithionate 

by  boiling  with  hydrochloric 

acid. 

I  value 

I  value  of 

Errors 

Errors 

S,05 

of  SaOft 

I 

NaaSaOi 

SaOft 

in 

in 

taken. 

taken. 

taken,  required. 

found. 

I. 

SaO.. 

Time, 

No. 

grm. 

grin. 

grm. 

grm. 

grm. 

grm. 

grm. 

min. 

1 

•0854 

•1898 

•5721 

•3782 

•0872 

+  •0041 

+  0018 

90 

2 

•1298 

•2885 

•5846 

•2920 

•1316 

+  •0041 

+  •0018 

90 

3 

•1429 

•3177 

•5778 

•2607 

•1426 

—  •0006 

—  •0003 

45 

4 

•1042 

•2317 

•5765 

•3468 

•1033 

—  0020 

—  •0009 

60 

5 

•1031 

•2293 

•5884 

•3557 

•1047 

+  -0034 

+  •0016 

00 

6 

•0704 

•1564 

•5751 

•4228 

•0685 

—  •0041 

—  •0019 

60 

7 

•0778 

•1729 

•6194 

•4637 

•0700 

—  •0172 

—  •0078 

60 

8 

•1043 

•2319 

•5726 

•3395 

•1048 

+  •0012 

+  •ooos 

30 

9 

•1043 

•2319 

•5892 

•3548 

•1054 

+  •0025 

+  •0011 

60 

10 

•1042 

•2317 

•6110 

•3849 

•1017 

—  •0056 

—  •0025 

105 

The  irregularity  of  these  results  may  conceivably  be  due  to 
one  or  more  of  three  different  reasons.  In  tlie  first  place,  it 
may  be  that  the  decomposition  of  the  dithionic  acid  is  not 
complete,  and  that  this  may  be  so  is  shown  by  the  fact  that 
after  the  liquid  in  experiment  10  was  boiled  for  an  hour  and 
three  quarters  and  filtered  from  the  precipitated  barium  sul- 
phate, the  addition  of  sulphuric  acid  caused  further  precipi- 
tation of  barium  sulphate.  Secondly,  it  may  be  that  some  of 
the  sulphur  dioxide  escapes  absorption  in  the  receiver  if  the 
current  of  carbon  dioxide  is  passed  through  the  system  too 
rapidly.  Thirdly,  the  concentration  of  the  hydrochloric  acid 
in  the  receiver  tends,  as  is  well  known,  to  render  the  titration 
of  the  residual  iodine  by  sodium  thiosulphate  less  exact  and 
the  starch  iodide  less  delicate  as  an  indicator. 

To  eliminate  the  concentration  of  acid  in  the  receiver,  in 
the  following  experiments  sulphuric  acid  was  substituted  for 
hydrochloric  acid  in  the  Voit  flask.  A  weighed  amount  of 
barium  dithionate  was  introduced  into  the  Voit  flask  and 
there  dissolved  in  water.  Sulphuric  acid  was  run  in  through 
the  separating  funnel  -and  the  mixture  then  boiled,  the  sul- 
phur dioxide  oeing  collected  in  the  Drexel  receiver,  trapped 
as  before  with  potavssium  iodide.  A  slow  current  of  carbon 
dioxide  was  driven  through  the  system  to  sweep  the  sulphur 
dioxide  into  the  iodine  and  to  prevent  any  sucking  back. 
When  boiling  had  been  carried  so  far  that  fumes  of  sulphuric 
acid  began  to  appear  the  operation  was  stopped  and  the  excess 
of  iodine  remaining  was  determined  by  means  of  sodium 
thiosulphate,  starch  iodide  being  used  as  an  indicator. 
Results  of  experiments  carried  out  in  this  manner  are  given 
in  Table  II. 
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Tarlb  II. 

DecompoBition  of  barium  diihionate 

by  boiling  with  sulphuric  acid. 

I  valoe 

I  value 

of 

of 

Errors 

Errors 

s,o. 

s,o. 

I        Na,S,0, 

s,o. 

in 

in 

taken. 

taken. 

taken,  required. 

found. 

I. 

S«0..     Time. 

No. 

gnu. 

grm. 

grm. 

grm. 

grm. 

grm. 

g^rm.       min. 

1 

•1039 

•2310 

•5759 

•3435 

•1045 

+  •0014 

+  0006 

20 

2 

•1046 

•2326 

•5708     ' 

3372 

•1051 

+  •ooio 

+  -0005 

28 

3 

•1039 

•2311 

•5740 

'3435 

•1037 

—  -0006 

—  0002 

34 

4 

•1033 

•2297 

•5701 

•3387 

•1041 

+  00 1 7 

+  -0008 

45 

5 

•1721 

•3827 

•5712     ' 

1876 

•1726 

+  0009 

+  •0005 

35 

6 

•1719 

•3820 

•5702 

•1894 

•1713 

—  0012 

—  •0006 

50 

7 

•17-26 

•3838 

•5734 

•1898 

•1726 

—  •0002 

•0000 

12 

8 

•1724 

•3832 

•5727 

•1885 

•1728 

+  -0010 

+  -0004 

10 

9 

•1721 

•3826 

•3727 

•1886 

•1728 

+  •0015 

+  -0007 

10 

10 

•0692 

•1539 

•3130 

•1599 

•0689 

—  •0008 

— •ooos 

12 

11 

•0350 

•0777 

•3109 

2323 

•0354 

+  ^0009 

+  -0004 

4 

12 

•2061 

•4582 

•6205     ' 

1632 

•2057 

—  0009 

—  ^0004 

15 

13 

•2402 

•5340 

•6215 

0862 

•2408 

+  •0013 

+  ^0006 

15 

These  results  show  that  dithionic  acid  may  be  determined 
by  boiling  with  sulphuric  acid  and  estimating  the  sulphur 
dioxide  liberated,  while  when  hydrochloric  acid  is  used  the 
results  are  far  from  satisfactory. 

There  are  three  reasons  why  sulphuric  acid  should  work 
better  than  hydrochloric  acid  in  this  process  : 

First,  when  sulphuric  acid  is  added  to  the  solution  of  barium 
dithionate,  barium  sulphate  is  precipitated  and  dithionic  acid 
is  left  ill  free  condition,  this  reaction  proceeding  at  once  to* 
completion  because  the  barium  sulphate  formed  is  removed 
from  the  system.  It  would  seem  that  when  hydrochloric  acid 
is  used  the  dithionic  acid  is  completely  liberated  only  by  a 
gradual  change  in  the  conditions  of  equilibrium. 

Second,  when  the  solution  containing  sulphuric  acid  is  boiled, 
the  water  is  driven  off,  the  concentration  of  the  solution 
increases  and  the  high  temperature  of  the  fuming  point  of 
8ulj)huric  acid  is  reached.     Under  such  conditions  the  decom- 

f)ositioii  of  the  dithionic  acid  is  rapid  and  complete,  the  time 
)eing  dei)endent  upon  the  original  dilution  of  the  solution. 
In  one  ease,  Ko.  11,  the  operation  was  ended  in  four  minutes. 
Third,  no  appreciable  amount  of  acid  distils  over  from  the 
Voit  flask  into  the  receiver  containing  the  iodine  to  interfere 
with  the  back  titration  with  sodium  thiosulphate,  the  only  acid 
present  being  that  produced  by  the  oxidation  of  the  sulphur 
dioxide.  Under  these  conditions  the  starch  indicator  acts 
sharply,  which  is  not  the  case  when  hydrochloric  is  used. 
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SCIENTIFIC     INTELLIGENCE. 

Gkoix)gy. 

1.  Ueher  Parapsonema  cryptophysa  Clarke  iind  deren  Stel- 
lung  im  System ;  von  Th.  Fuchs.  Centralbl.  f.  Min.,  etc.,  1905, 
pp.  357-359.— In  1902,  Clarke  (54th  Ann.  Regents  Ropt.  N.  Y. 
State  Mus.,  pp.  172-178)  described  a  most  perplexing  and  highly 
interesting  fossil,  under  the  title  "  Paropsoneraa  cryptophya  :  A 
peculiar  echinoderm  from  the  Inturaescens-zone  (Portage  beds) 
of  western  New  York."  Fuchs  reviews  Clarke's  paper  and  adds 
that  "the  entire  organization  is  wholly  different  from  all  known 
Echinodermata  and  can  not  be  readily  compared  with-  any. 
According  to  my  view,  we  here  have  the  remains  of  quite 
another  animal,  namely,  a  medusa,  related  to  Porpitay 

A  very  excellent  cast  of  one  of  Clarke's  finest  specimens  was 
presented  by  him  to  Peabody  Museum  of  Yale  University.  It 
does  not  possess  unmistakable  echinoderm  structures,  although 
the  radial  parts,  with  their  numerous  transverse  divisions,  do  in 
a  way  recall  the  ambulacra  of  Paleozoic  echinoids.  Unlike  these, 
however,  the  radial  parts  of  Paropsonema  are  bifurcated,  in 
adult  specimens,  as  many  as  four  times.  Then,  too,  the  upper 
surface  is  wholly  unlike  the  lower  and  is  not  made  up  of  plates. 
Further,  associated  with  this  fossil  crinpids  occur  and  in  these 
the  calcareous  plates  are  preserved,  while  in  Paropsonema  there 
is  nothing  other  than  a  cast  or  the  infiltrated  filling  of  the  cavi- 
ties. Fuchs  states  that  the  lower  surface  "  has  a  great  number 
[60  to  80]  of  arched  folds  that  increase  by  division  or  intercalla- 
tion  of  new  radii  and  carry  the  individual  polyps.  .  .  .  Should 
it  prove  that  ray  view  is  the  correct  one,  we  then  have  in  this 
organisra,  as  far  as  I  am  aware,  the  first  evidence  of  a  fossil 
siphonophore  related  to  Porplta.^^ 

The  present  writer  likewise  thinks  it  more  probable  that  J^ar- 
opsonema  is  related  to  Porpita  and  Velella  (see  Agassiz,  '*  The 
PorpitidsB  and  Velellidje,"  Mem.  Mus.  Comp.  Zool.,  Harvard, 
VII,  No.  2,  1883)  rather  than  to  any  echinoderm.  c.  s. 

2.  Phytogeny  of  the  Races  of  Volfftilithes  pelrosus  ;  by  BuR- 
NBTT  Smith.  Proc.  Acad.  Nat.  Sci.  Pliila.,  1906,  pp.  52-76,  and 
one  plate. — This  interesting  paper  gives  the  results  of  a  study 
based  on  many  specimens  of  Volutilithes  petrosus  derived  from 
nine  localities,  and  on  four  other  si)ecles.  The  forms  of  Vblutl' 
tithes  tir>t  appear  in  non-normal  marine  deposits  (Lignilic),  hav- 
ing radiated  ifrom  the  outer  deeper  normal  marine  waters.  These 
peripheral  races  undergo  **a  course  of  evolution  which  was  a 
direct  refleciion  of  their  unfavorable  environment.  .  .  .  The 
senility  becomes  more  and  more  extreme  with  the  course  of 
time."  The  normal,  slow  and  even  development  takes  place  in 
the  more  open  favorable  environment.  c.  s. 

3.  Notes  on  some  Jurassic  Fossils  from  Pranz  Josef  Ijond, 
brought  by  a  Member  of  the  Ziegler  Kiploring  Expedition  ;  by 
R.  P.  Whitfield.  Bull.  Amer.  Mus.  Nat.  Hist.,  May,  1906,  pp. 
131-1.34,  1  pi. — The  notes  relate  to  Ammonites,  Mollusca,  and 
land  plants. 


Samuel  Lewis  Penfield,  Professor  of  Mineralogy  in  ibe 
Sheffield  Scientific  School  of  Yale  University,  died  August  12, 
at  Woodstock,  Conn.,  where  he  had  been  passing  the  summer. 
He  was  in  the  51st  year  of  his  age.  He  had  been  for  some  time 
in  bad  health.  A  notice  of  the  life  and  work  of  this  distin- 
guished mineralogist  will  appear  in  a  near  number  of  this 
Journal. 
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Art.  XXVI. — The  LiTne-Silica  Series  of  Minerals:  *  by 
Arthur  L.  Day  and  E.  S.  Shepherd,  with  Optical  Study 
by  Fred  E.  Wright.! 

Part  I,     Introductory. 

Anyone  who  has  followed  the  work  of  the  emiDent  Norwe- 
p^an  scientist,  Prof.  J.  H.  L.  Vogt,  during  tlie  past  three  or 
four  years,  must  realize  that  an  extraordinarily  effective 
weapon  has  come  into  the  service  of  petrology,  the  full  power 
of  which  cannot  at  once  be  understood  or  appreciated.  We 
refer  to  the  methods  and  established  generalizations  of  physi- 
cal chemistry.  The  older  science  of  chemistry  has  made  such 
strides  under  these*  nev»^  theories  of  solutions  that  we  really 
have  little  more  to  do  than  to  apply  them  ready-made  to  our 
own  problems,  like  a  smooth  and  powerful  machine  tool  of 
guaranteed  effectiveness.  Mineral  solutions,  as  Bunsen  long  ago 
maintained,  are  after  all  only  chemical  solutions  over  again  with 
slightly  different  components  and  a  different,  a  very  different, 
range  of  temperatures  and  pressures.  There  is  no  need  to 
disparage  the  ditBculties  involved  in  operating  at  high  tem- 
peratures and  imder  great  pressures;  they  are  very  great, 
probably  even  greater  than  most  of  us  appreciate,  but  they  are 
certainly  not  insuperable,  and  when  they  are  overcome,  not 
only  will  a  new  era  in  the  science  of  petrology  have  been 
inaugurated  but  an  important  return  service  will  liave  been 
rendered  to  physics  and  physical  chemistry  in  extending  the 
scope  of  their  generalizations. 

There  is,  therefore,  no  question  of  where  to  begin.  Rooze- 
boom,  Vogt,  and  many  others  have  seen  and  appreciated  and 
indicated  to  us  with  great  clearness  the  various  ways  in  which 

*FuU  text  of  a  paper  of  this  title  read  before  the  American  Chemical 
Society  at  the  Ithaca  meetinj<,  June  28,  1906. 

t  The  authors  are  indebted  to  Prof.  A.  C.  GiU  of  Cornell  University  for 
a  nnmber  of  microscopic  examiuutious  of  our  earlier  products,  and  for 
many  helpfn]  saggestions. 

AM.  JouB.  8cL— Fourth  Series,  Vol.  XXII,  No.  130.— October,  1906. 
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mineral  and  rock  formation  can  now  be  competently  studied. 
The  question  is  now,  rather,  how  much  of  it  all  can  we  actually 
carry  outi!  Vogt  has  already  shown  us,*  in  a  paper  published 
only  a  few  months  ago,  that  a  great  deal  can  be  accomplished 
by  a  judicious  treatment  of  existing  observations,  particularly 
the  more  trustworthy  of  the  mineral  and  rock  analyses,  when 
combined  with  extensive  field  experience. 

It  has  been  the  purpose  of  this  laboratory  to  attempt  this 
task  by  a  direct  application  of  the  principles  and  methods  of 
quantitative  physics  and  chemistry,  or,  in  a  word,  to  study 
mineral  and  rock  formation  by  direct  measurement  at  the  tem- 
peratures where  the  minerals  combine  and  separate  like  the 
solutions  of  ordinary  chemistry  under  ordinary  conditions. 
We  further  determined,  wherever  possible,  to  prepare  chemi- 
cally pure  minerals  for  this  purpose  in  order  that  such  conclu- 
sions as  we  might  reach  should  not  be  dependent  upon  danger- 
ous assumptions  regarding  the  harmless  character  of  the  five 
or  ten  per  cent  of  "impurities"  not  infrequently  present  in 
hand  specimens  from  natural  sources.  It  is  at  once  obvious 
that  in  order  to  succeed,  the  first  experiments  must  be  restricted 
to  the  simplest  reactions,  and  that  these  will  not  always  be  the 
most  important  or  the  most  interesting,  but  the  results  will 
always  be  in  definite  terms  and  final  when  the  materials  used 
are  pure.  Furthermore,  the  accumulated  experience  obtained 
from  simple  cases  will  safely  and  surely  lead  to  successful 
methods  of  a  scope  to  meet  the  more  complicated  problems  of 
rock  formation. 

This  plan  was  really  entered  upon  several  years  ago  in  a 
small  way  and  with  \eY\  limited  resources.  The  first  paper, 
which  was  published  in  1904-05,  contained  a  laboratory 
study  of  a  typical  isomurphous  pair,  the  soda-lime  feldspar 
series,  carried  out  in  the  spirit  of  the  above  plan.  The  second, 
which  appeared  in  February  of  the  present  year,  was  a  very 
careful  study  of  enantiotropic  mineral  inversion  between  the 
mineral  woUastonite  and  the  pseudo-hexagonal  form  which  has 
been  obtained  by  several  observei's  but  whicih  appears  not  to 
have  been  found  in  nature.  The  present  paper,  which  is  the 
third  of  the  mineralogical  series,  undertakes  to  carry  through 
a  fairly  complete  set  of  measurements  upon  a  typical  eutectic 
pair — the  lime-silica  series.  It  is  still  incomplete  in  some 
particulars,  notably  at  the  ends  of  the  series.  Mixtures  very 
rich  in  lime  possess  temperature  constants  which  are  beyond 
the  reach  of  existing  apparatus,  while  on  the  silica  side  the 
extreme  viscosity  and  consequent  inertness  which  were  encoun- 
tered in  the  soda  feldspars,  effectually  veil  or  prevent  the 
development  of  the  phenomena  which  occur  there.  Some 
approximate   measurements   have  been    made   even  in   these 

*  J.  H.  L.  Vogt,  Physikalisch-Chemische  Oesetze  der  Krystallisations- 
folge  in  Emptivgesteinen,  Tschermak  Min.  u.  petr.  Mittb.,  xxiv,  487, 1906. 
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regions  (represented  by  dotted  lines  in  the  diagram  tig.  3), 
but.  they  have  not  the  same  accuracy  as  those  portions  of  the 
curve  which  are  represented  by  full  lines.  All  the  mixtures 
used  were  prepared  with  the  greatest  care  and  were  chemically 
pure  within  one  or  two  tenths  of  one  per  cent. 

Lime'Silica  Minerals, — Of  the  lime-silica  series  only  one 
well-detined  mineral  is  known — wollastonite— which  when 
melted  usually  crystallizes  in  a  pseudo-hexagonal  form  of  the 
same  composition.  This  mineral  has  already  been  carefully 
studied  by  Allen,  White,  and  Wright,*  anil  the  relation  between 
the  natural  mineral  and  its  second  crystal  form  thoroughly 
cleared  up.  Pursuing  the  conventional  methods  of  reasoning, 
we  might  also  expect  to  have  an  intermediate  mineral  for  the 
trisilicic acid,  2CaO,3SiO,  an  Skermanite  analogue,  4CaO,3SiO,; 
an  orthosilicate,  2CaO,SiO„  and  a  tricalcic  silicate,  3CaO,SiO,. 
All  of  these  minerals  are  deducible  from  the  various  hypothet- 
ical silicic  acids.  We  have  undertaken  to  prepare  and  study 
the  entire  series  of  mixtures  of  lime  and  silica. 

Boudouard^s  Measurevients, — So  far  as  known,  there  has 
been  only  one  serious  attempt  to  determine  the  constitution  of 
this  series  of  minerals.f  According  to  Boudouard,  the  freezing 
point  curve  for  the  lime-silica  minerals  consists  of  four  eutec- 
tics  and  three  maxima  (compounds),  the  maxima  correspond- 
ing to  the  metasilicate,  the  orthosilicate  and  the  tricalcic  sili- 
cate. Unfortunately,  the  method  used  by  Boudouard  was  a 
very  inaccurate  one.  He  prepared  small  cones  of  the  various 
mixtures  and  placed  these  in  a  furnace  alongside  of  Seger  cones. 
The  furnace  was  then  heated  and  allowed  to  cool  down  again, 
after  which  the  crucible  was  opened  and  the  cone  observed  to 
see  whether  or  not  the  mineral  had  melted.  It  is  a  common 
method  in  industrial  practice,  but  has  rarely  been  thought  ac- 
curate enough  for  original  determinations. 

This  method  is  peculiarly  unsuited  for  such  investigations  for 
several  reasons:  Suppose  the  mixture  to  contain  an  eutectic  with 
a  greater  or  less  excess  of  one  of  the  components.  The  cone 
would  begin  to  weaken  as  soon  as  the  eutectic  began  to  melt, 
and  its  further  progress  would  be  governed  entirely  by  the  rel- 
ative quantity  oi  eutectic  present  and  its  viscosity  after  meltiny , 
No  information  whatever  regarding  inversions  in  the  solid  or  of 
the  component  in  excess  could  be  obtained,  and  errors  of  more 
than  500°  would  certainly  occur  (in  fact  did  occur  in  Boudou- 
ard's  case)  in  the  interpretation  of  the  softening  temperature 
in  some  parts  of  the  lime-silica  curve.  Let  us  illustrate  by  a  per- 
fectly obvious  hypothetical  case  (tig.  1) :  Assume  tirst  that  the 
melting-points  change  rapidly  following  a  steep  liquidus  AB 

♦  E.  T.  AUen,  W.  P.  White  and  Fred  Eugeue  Wright,  -'On  Wollastonite 
and  Pseudo-VoUastonite,  Polymorphic  Forma  of  Calcium  Metasilicate,  "  this 
Journal,  zxi,  89,  1906. 

f  Boudoaard,  Jonm.  Iron  and  Steel  Institute,  1905,  p.  839. 


268  Day  and  Shepherd — Lime'Silica  Series  of  Minerals. 

(see  also  fig.  3,  curve  DE).  Tlie  amount  of  eutectic  in  concen- 
tmtions  X  and  Y  will  be  so  great  as  to  soften  the  cone  long  be- 
fore the  melting-points  Z  and  W  are  reached.  If,  on  the  other 
hand,  the  liquidus  slopes  gently  (AC),  the  amount  of  liquid 
eutectic  as  compared  with  the  solid  phase  is  smaller  and  the  tem- 
perature of  softening  of  the  cone  will  approximate  more  closely 
.to  the  change  in  melting-point. 

Furthermore,  if  the  cones  are  made  up  from  the  initial  com- 
ponents (CaCO,  and  SiO„  for  example),  the  heat  of  combina- 
ation  is  liberated  as  the  cone  approaches  the  melting  temperature 
and  raises  the  temperature  of  the  cone  above  that  of  the  furnace, 
producing  sudden  fusion  of  which  the  neighboring  Seger  cone 
can  receive  no  record. 

Incidentally,  one  finds  here  the  explanation  of  Hoffman's  ex- 
periments* on  the  temperature  of  formation  of  slags.  Contrary 
to  the  statement  that  the  "  temperature  of  formation  is  above  the 


temperature  of  fusion,"  just  the  reverse  is  true.  Under  nor- 
mal conditions  these  mineral  combinations  occur  at  tempera- 
tures lower  than  the  melting  point,  the  exceptions  occurring 
only  when  the  materials  are  so  coarsely  ground  or  poorly  mixed 
that  combination  is  ret^irded  until  the  melting  point  of  the  slag 
is  passed.  The  orthosilicate  of  calcium  is  a  very  good  instance 
of  the  formation  of  a  compound  below  its  melting  temperature. 
We  shall  sliow  later  that  while  this  compound  melts  at  about 
2080°  C,  it  is  posjsible  to  prepare  it  below  the  melting  point 
of  platinum,  in  fact  in  platinum  vessels,  by  heating  the  finely 
ground  material  in  the  Fletcher  furnace,  regrinding,  mixing 
and  reheating.  l>v  this  process  it  is  i)ossible  to  obtain  a  com- 
pound which  gives  the  optical  tests  for  the  orthosilicate  and  is 
entirt'ly  without  free  lime  or  silica. 

Apart  from  the  criticism  which  this  particular  amplication  of 
cones  appears  to  us  to  deserve,  it  is  also  well  known  that  the 

*I1.  O.  Hoffman,  Trans.  xVnier.  Inst.  Min.  Eng.,  xxix,  682,  1899. 
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time  factor  is  always  very  important  in  dealing  with  a  Seger 
cone.  Boudonard  liimself  states  (p.  343) :  *' A  very  small  differ- 
ence in  temperature,  or  a  few  minutes  additional  heaiing^ 
often  suffices  for  the  softening  stage  to  pass  into  one  of  complete 
fusion."  If  this  statement  was  made  imderstandingly,  the 
method  merited  rejection  by  Boudouard  himself.  Furthermore, 
the  use  of  Soger  cones  for  exact  work  will  always  be  unsatis- 
factory because  it  depends  upon  the  judgment  of  the  operator 
to  say  when  a  cone  has  "fallen"  suljiciently  to  be  considered 
melted,  and  different  observers  almost  always  obtain  widely 
different  results  under  like  conditions.  As  has  been  pointed 
out  by  Day  and  Allen,t  any  method  of  measurement  which  is 
not  based  upon  some  reasonably  sharp  physical  change  must  be 
expected  to  give  different  results  in  different  hands.:}:     Suppose 

*  Italics  are  ours. 

t  Arthur  L.  Day  and  E.  T.  Allen.  '*The  iBumorphism  and  Thermal  Properties 
of  the  Feldspars;"  this  Journal  (4),  xix,  p.  93,  1905.  Zeitschrift  f.  Phys. 
Chem..liv,  p.  1,  1905.  Publication  of  the  Carnegie  Institution  of  Washing- 
ton, No.  81. 

X  Since  the  text  of  this  paper  was  written,  a  very  recent  paper  by  Doelter 
(C.  Doelter,  **Die  Untersuchungsmethoden  bei  Silikatschmelzen,"  Sitzungs- 
ber.  d.  Wien.  Akad.  cxv,  1,  May,  1906),  has  come  to  our  attention  in  which  he 
reaffiiTos  his  confidence  in  and  preference  for  subjective  methods  for  the 
investigation  of  silicate  solutions, — more  particularly  the  viscous  silicates. 
This  question  of  methods  of  attack  in  problems  of  wide  scope  and  considera- 
ble difficulty  is  not  an  academic  one  ;  it  is  a  matter  of  the  very  first  importance, 
particularly  in  view  of  the  increased  attention  which  is  coming  to  be  paid 
to  the  minerals  as  solutions.  We  have  preferred  to  avoid  subjective  methods 
wherever  possible  on  the  general  ground  that  no  observation  so  made  is 
exactly  reproducible.  Subjective  observations  are  therefore  always  much 
more  satisfactory  to  the  observer  than  to  any  one  else.  Prof.  Doelter  has 
probably  had  a  greater  and  more  varied  experience  in  the  observation  of 
mineral  melting  points  than  anyone  now  living,  and  he  is  therefore  able  to 
form  consistent  judgments  upon  the  changes  which  he  observes.  But  even 
under  his  exceptionally  competent  hand  we  have  seen  the  **melting  points" 
of  the  feldspars  rise  a  little  higher  each  year  in  his  successive  publications 
upon  the  subject,  and  the  feldspars  are  very  viscous  minerals  of  the  type  to 
which  he  finds  the  optical  methods  especially  adapted. 

Doelter  then  criticises  the  thermoelectric  methods  in  use  in  this  laboratory 
on  the  ground  of  inexactness,  i.  e.,  because  the  recorded  time-temperature 
curves  contain  no  period  of  absolutely  constant  temperature,  although  he 
appears  to  be  very  familiar  with  the  fact  that  the  phenomena  themselves  are 
not  sharp.  This  seems  to  be  unfortunate  and  unproductive  criticism.  Under 
fair  conditions  a  phenomenon  is  obviously  the  same,  whether  observed  by 
looking  at  the  charge  or  by  exposing  a  thermoelement  in  it.  If  the  supposed 
melting  "point"  does  not  occur  at  a  point,  it  cannot  be  recorded  as  such. 
So  far  from  failing  in  its  purpose,  therefore,  the  thermoelement  has  revealed 
to  UH  a  hitherto  unfamiliar  phenomenon  with  great  fidelity.  Our  principle 
in  the  choice  of  methods  is  therefore  diametrically  opposed  to  Doelter's.  If 
the  change  of  state  were  sharp  and  well  marked,  it  would  really  matter  very 
little  how  it  was  determined.  If,  on  the  other  hand,  it  is  a  slow  change,  we 
shotild  greatly  prefer  the  unprejudice<l  record  of  a  thermoelement  if  it  could 
be  obtained.  Nothing  is  so  difficult  of  observation  or  gives  rise  to  so  much 
difference  of  opinion  between  observere  as  u  slow-moving  phenomenon.  An 
interesting  example  of  this  is  to  be  found  in  this  (Doelter's)  paper  itself  (p. 
12).  Nearly  all  observers  of  the  constants  of  silicates  are  now  completely 
agreed  that  the  glasses  are  merely  undercooled  lijjuids  which  of  course  have 
no  melting  point  but  change  continuousfy  from  a  hard  amorphous  to  a  soft 
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this  method  were  to  be  applied,  for  example,  to  the  determina- 
tion of  the  meltinij  temperature  of  orthoclase  or  albite,  or  even 
pure  quartz,  which  have  been  shown  to  possess  a  viscosity 
entirely  comparable  in  magnitude  with  the  rigidity  of  the  solid 
crvstalline  mineral :  almost  any    conclusion  could  liave   been 

a.  /  (r 

reached  under  these  conditions. 

It  is  stated  by  M.  Boudouard,  for  example,  that  all  mixtures 
of  lime  and  silica  between  30  and  90  per  cent  of  lime  melt 
below  1500°.  This  certainly  cannot  be  the  case.  Pure  ortho- 
silicate  of  calcium  when  heated  in  a  platinum  crucible  will  stand 
without  showing  the  slightest  trace  of  melting  while  the  plat- 
inum containing  vessel  melts  down.  The  temperature  must 
therefore  be  at  least  as  high  as  the  fusion  point  of  platinum 
(1720°).  We  found  no  lime-silica  mixtures  richer  than  60  per 
cent  in  ('aO  which  could  be  melted  in  platinum  vessels. 

Apart  from  the  uncertainty  in  the  temperature  measurements 
offered  by  Boudouard,  we  shall  undertake  to  show  in  its  proper 
place  that  there  is  no  pure  lime-silica  compound  corresponding 
to  Skermanite  and  no  tricalcic  silicate.  We  are,  therefore, 
somewhat  at  a  loss  to  explain  in  any  satisfactory  way  how  the 

f)ublished  curve  which  has  attracted  so  much  attention  in  Eng- 
and  was  really  obtained. 

Part  II,     Experimental. 

In  this  kind  of  investigation  it  is  always  desirable  to  begin 
with  a  careful  determination  of  the  physical  properties  of  the 
pure  components,  although  in  the  present  case  it  must  be 
admitted  that  this  was  the  most  inaccessible  and  difficult  por- 
tion of  tiie  field  over  which  we  worked. 

amorphous  condition.  Tlie  use  of  subjective  methods  has  misled  Prof. 
Doelter  into  picking  out  points  upon  these  curves  to  which  he  attaches  great 
importance  in  the  determination  of  eutectics. 

Ai)art  from  this  general  criticism,  the  particular  optical  methods  which 
Doelter  employs  appear  to  us  rather  limited  in  scope  for  the  work  they  will 
be  rec[uired  to  perform.  In  the  case  of  a  mineral  combination  which  is 
neither  an  eutectic  nor  a  pure  compound,  they  are  open  to  all  the  objections 
of  Boudouard's  method  (.see  above)  and  furnish  no  trustworthy  information 
whatever.  It  is  also  difficult  to  see  how  they  can  be  used  effectively  to 
determine  unknown  conditions  of  equilibrium.  Doelter's  method  4  (p.  6, 
loc.  cit.),  in  which  he  places  greatest  confidence,  appears  to  ns  to  promise 
immediate  and  serious  difficulties  of  another  kind.  It  consists  in  observing 
dire'jtly  witli  the  microscope  tiny  grains  of  the  substiince  to  be  studied  as 
they  lie  upon  a  tray  of  amorphous  silica  (quartz  glass)  in  the  furnace.  The 
glass  tray,  which  is,  of  course,  also  heated,  is  in  very  unstable  equilibritim 
and  therefore  ready  to  enter  into  solution  with  almost  any  oxide  or  silicate 
in  contact  with  it  at  relatively  low  temperatures,  and  to  produce  what  may 
appear  to  be  a  melting  point  but  which  of  coarse  has  no  necessary  relation 
to  that  of  the  pure  substance  examined.  Joly's  old  method  of  examining 
mineral  fragments  on  a  j)Irttinum  strip  was  much  more  trustworthy  for 
melting  point  work,  although  inversions  in  the  solid  state  could  perhaps 
be  advantageously  studied  in  the  new  apparatus. 

For  these  reasons  it  does  not  seem  to  us  wise  to  employ  the  subjective 
methods  when  others  which  are  reproducible  by  any  observer  are  avaolable. 
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Lime, — Calcium  oxide  melts  at  a  temperature  so  higli  that 
it  is  not  yet  possible  to  uiake  a  satisfactory  determinatiou  of 
its  melting  point.  It  can  be  fused  in  tlie  electric  arc  under 
favorable  conditions  to  a  clear  liquid  of  low  viscosity  which 
crystallizes  readily  into  a  well  developed  cubic  structure. 
Near  its  fusing  temperature,  lime  either  becomes  quite  vola- 
tile or  the  carbon  of  the  arc  reduces  it  to  the  metal,  which 
volatilizes  and  is  immediately  reoxidized  outside  of  the  heated 
zone.  We  are  unable  to  offer  conclusive  evidence  in  favor  of 
the  one  hypothesis  or  the  other,  but  the  fact  that  pure  lime  at 
2000°  shows  no  signs  of  a  high  vapor  pressure  points  rather 
to  the  second  explanation  as  the  correct  one. 

For  experiments  with  lime  fusion,  we  obtained  some  arti- 
ficial graphite*  practically  free  from  all  impurities,  so  that  no 
contaminating  substance  was  introduced  into  the  fused  lime 
from  the  electrodes.  To  further  guard  against  possible  con- 
tamination, only  that  part  of  the  cake  which  formed  above  the 
(horizontal)  arc  was  used  in  determining  its  physical  properties. 

Density  of  CaO. — The  density  of  fused  calcium  oxide 
was  determined  as  follows :  A  selected  portion  of  the  crystal- 
line mass  was  finely  ground,  ignited  to  drive  off  adsorbed 
water,  and  weighed  in  carefully  dried  turpentine  after  the 
method  of  Day  and  Allen.  The  results  are  not  in  very  good 
agreement,  due  probably  to  the  difliculty  of  weighing  out  tho 
product  withoiit  its  becoming  superficially  hvdrated  or  absorb- 
ing CO,. 

Fused  CaO.     HaO  at  25"  =  1. 
3-813 
3-307 
3-3-29 


Mean  density,  3-316  (25°) 

This  crystallized  lime  is  much  less  readily  attacked  by 
water  than  is  the  amorphous  oxide.  It  is,  however,  not  indif- 
ferent to  water.  Five  grams  of  the  crystals  when  ground  and 
mixed  with  a  small  quantity  of  water  in  a  test  tube  scarcely 
raised  the  temperature  at  all,  but  upon  standing  for  some  five 
.minutes,  the  charge  exploded  with  considerable  violence. 
Unpowdered  blocks  of  the  crystalline  oxide  when  placed  in 
cold  water  dissolved  slowly  witliout  appreciable  heating.  Hot 
water  attacks  them  more  rapidly,  but  the  action  of  the  water 
is  slow  in  both  cases  as  compared  with  the  amorphous  lime. 

The  hardness,  according  to  Mohs's  scale,  is  between  3  and  4. 

Silica. — The  melting  temperature  of  silica  has  been  vari- 
ously estimated  at  from  1200  to  2000°,  but  so  far  as  known  no 

♦Prepared  by   the  International  Acheson  Graphite  Company,   Niagara 
Falls,  New  York. 
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careful  determination  of  it  has  ever  been  made.  Since  this 
oxide  melts  to  an  extremely  viscous  liquid,  attempts  to  deter- 
mine the  melting  temperature'  by  observing  the  softening  of 
the  charge  are  wholly  misleading.  The  molecular  deorienta- 
tion  proceeds  very  slowly,  extending  over  a  considerable  range 
of  temperature,  as  albite  and  orthoclase  have  been  found  to 
do,*  but  with  the  disadvantage  that  this  temperature  region  is 
too  high  to  be  reached  with  a  thermoelement,  and  no  other 
method  of  temperature  measurement  possesses  sufficient  sensi- 
tiveness in  this  region  to  locate  the  melting  temperature  by 
the  heat  absorbed  during  slow  fusion.  Determinations  of  the 
freezing-point  are  out  of  the  question,  owing  to  the  inertness 
of  the  viscous  melt. 

An  approximate  determination  of  the  melting  temperature 
was  made  in  this  way :  A  gram  or  two  of  finelv  powdered 
quartz  was  pl^ed  in  a  small  iridium  crucible  and  heated  in  an 
iridium  tube  funiace  (see  p.  2S6).  (Experience  has  shown  that 
melting  and  inversion  phenomena  in  very  viscous  substances 
take  place  much  more  readily  if  the  material  is  finely  divided.) 
A  tiny  fragment  of  platinum  foil  was  then  laid  on  the  top  of 
the  charge  and  the  furnace  slowly  heated  until  the  foil  was 
observed  to  melt.  Upon  removing  the  charge  from  the  fur- 
nace and  examining  it  microscopically,  evidence  of  fusion  waa 
found  througliout  the  mass.  The  crystal  grains  had  inverted 
to  tridymite  and  the  superficial  liquefaction  had  caused  them 
to  sinter  tightly  together,  but  no  displacement  of  the  grains 
had  taken  place.  At  the  temperature  of  melting  platinum, 
therefore  (1720°),  silica  shows  positive  evidence  of  fusion. 
Otlier  similar  charges  were  then  prepared  and  the  operation 
repeated  with  longer  exposures  and  temperatures  slightly  below 
the*  melting  point  of  platinum,  the  temperatures  being  meas- 
ured with  a  Ilolhorn-Knrlbaum  optical  j)yrometerf  focused  on 
the  platinum  fragment.  By  repeating  this  process  at  short 
temperature  intervals  and  with  about  20  minutes  exposure, 
meltini^  was  definitelv  established  as  low  as  1625°  C. 

The  iridium  furnace  is  unfortunately  not  adapted  for  long- 
continued  heating,  and  the  platinum  coil  furnace  will  not 
reach  this  temperature,  so  that  an  effort  to  discover  a 
definite  temperature  below  which  the  solid  is  stable  and  above 
which  it  will  melt  if  given  time  enough,  was  abandoned.  If 
the  heating  is  moderately  rapid,  the  crystalline  solid  will  per- 
sist far  above  the  melting  ])uint  of  platinum ;  if  slow  enough, 
it  li(juefies  completely  at  U)25°  or  even  lower.  It  is  probably 
a  fair  assumption,  that  pure  silica  begins  to  melt  at  about  1600,^ 
and  will  continue  to  complete  fusion  if  given  time  enough, — 

*Day  and  Allen,  loc.  rit. 

f  Holborn  and  Kurlbaum  :  Ann.  d.   Phys.  x,  p.  225,  1903. 
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above  that  point  the  higher  tlie  temperature,  the  more  rapid 
the  melting.  A  charge  of  quartz  was  heated  for  a  long  time 
in  a  platinum  furnace  at  1555°  without  producing  a  trace  of 
fusion. 

There  is  little  satisfaction  in  pursuing  an  inquiry  of  this 
kind.  As  has  been  stated  elsewhere  with  reference  to  an 
entirely  similar  case,*  the  term  "melting  point"  does  not 
appear  to  be  well  applied  to  cases  of  this  character,  in  which 
the  crystalline  structure  persists  for  days  or  weeks  at  tempera- 
tures above  the  point  where  melting  begins.f  If  the  change 
of  state  is  to  be  defined  by  the  absorption  of  heat,  and  the 
absorption  of  heat  extends  over  a  wide  range  of  temperatures, 
and  conditions,  our  forms  of  expression  should  be  revised 
somewhat  to  include  these  hitherto  unrecognized  cases. 

Tridymite. — The  relation  between  tridymite  and  quartz 
appears  to  be  a  simple  one,  although  the  literature  of  the  sub- 
ject is  unsatisfactory.  But  few  trustworthy  observations  have 
been  recorded  and  the  conclusions  drawn  from  them  are  vague 
and  contradictory.  So  far  as  known,  quartz  has  never  been 
crystallized  as  such  from  mineral  fusions  except  where  cataly- 
zers were  present.  Tridymite  has  probably  been  obtained  by 
several  individuals  through  the  accidental  crystallization  of 
fused  silica  vessels,:]:  but  no  especial  attention  appears  to  have 
been  given  to  the  circumstances  in  which  it  occurs,  and  its 
identification  has  not  always  been  positive. 

Like  the  melting  temperature,  the  inversion  of  quartz  to 
tridymite  and  the  crystallization  of  fused  silica  are  very  dif- 
ficult phenomena  to  study,  owing  to  the  extreme  inertness  of 
the  material,  but  a  number  of  experiments  have  been  success- 

*  Isomorphism  and  Thermal  Properties  of  the  Feldspars,  Publication  31, 
Carnegie  Institation  of  Washington,  p.  74  (3). 

f  Doelter  has  recently  offered  a  new  general  classification  of  silicates  (loc. 
cit.  p.  3):  "Einfacher  konstituierte  Silikate  (Qmppe  A)  hahen  scharfen 
Sohmelzpunkt,  geringere  Viskositat  und  grosseres  Kristallisationsvenniigen. 
Komplexere  Silikate  (Ornppe  B)  haben  ein  grosses  Schmelzpunktsintervall, 
gTOHse  Viskositlit,  geringere  Kri stall isationsgeschwindigkeit." 

Snch  information  as  we  have  been  able  to  gather  in  our  work  with  pure 
minerals  does  not  substantiate  this  generalization.  We  have  encountered 
no  mineral  more  viscous  than  quartz,  which  has  the  simplest  of  compositions. 
Anorthite,  wollastonite  and  diopside  differ  radically  in  simplicity  of  formula 
but  melt  and  crystallize  at  very  nearly  the  same  rate  and  with  very  nearly 
the  same  sharpness. 

JProf.  Dr.  L.  Holbom  of  the  Physikalisch-Technische  Reichsanstalt :  Dr. 
M.  Herschkowitsch  of  the  firm  of  Carl  Zeiss  in  Jena  ;  Dr.  Kttch  of  the  firm 
of  Heraeus  in  Hanau  ;  and  the  Rev.  Theodor  Wulf,  S.  J.,  formerly  of  (lottin- 
gen,  in  the  preparation  and  use  of  quartz  glass  vessels  have  noticed  that  the 
glass  devitrifies  at  high  temperatures  in  the  presence  of  water  vapor  or  after 
long  usage.  So  far  as  we  are  aware,  all  of  these  observations  have  remained 
unpublished.  Hahn,  in  the  Int.  Cong.  f.  Angew^andte  Cheniie,  Berlin,  1903 
(vol.  1.  p.  714),  notes  the  devitrification  of  a  quartz  glass  tube  at  11()0\  He 
also  identified  the  crystal  formation  under  the  microscope  as  tridymite. 
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fully  carried  out  which  appear  to  clear  up  the  situation,  even 
though  the  inversion  temperature  cannot  be  determined  with 
any  great  accuracy. 

First  of  all,  we  heated  a  large  charge  of  finely  ground 
quartz  and  followed  the  temperature  curve  carefully  from  400^ 
to  1600°.  It  was  found  after  the  experiment  that  the  quartz 
crystals  had  for  the  most  part  gone  over  into  tridymite  and 
the  chancre  in  the  volume  accompanying  the  inversion  had 
generated  enough  pressure  to  completely  shatter  the  open 
platinum  crucible  which  contained  the  charge.  The  change 
was  so  gi-adual,  however,  that  no  record  of  it  appeared  upon 
.the  thermal  curve.  Subsequent  experiments  in  which  we 
endeavored  to  change  crystalline  quartz  into  tridymite  at  lower 
temperatures  were  successful  as  far  down  as  1100°.  To  be 
sure,  entire  crystals  showed  no  change  whatever  after  six 
hours'  exposure  at  1400°,  but  powdered  quartz  is  completely 
changed  into  tridymite  after  a  few  hours  at  that  temperature. 
On  the  other  hand,  if  finely  divided  amorphous  silica,  i.  e., 
fused  C'  quartz  glass  "),  or  better,  precipitated  silica,  be  allowed 
to  remain  for  a  short  time  at  any  tem|)erature  above  10o0°,  it 
changes  promptly  to  tridymite — the  precipitated  material 
very  rapidly,  the  (juartz  glass  much  more  slowly.  Neither  the 
glass  nor  the  precipitated  silica  ever  crystallized  as  quartz  at 
tem|>eratures  above  1000°,  nor  is  there  any  difference  in  the 
optical  properties  of  the  tridymite  obtained  at  the  different 
temperatures,  either  from  the  quartz  crystals  or  the  amorphous 
silica.  The  rate  of  cliange  is  much  influenced  by  the  fineness 
of  the  powder,  although  there  is  no  difficulty  in  recrystallizing 
large  blocks  of  solid  <|uartz  glass  at  the  higher  temperatures. 
In  our  experiments  in  the  preparation  of  quartz  glass,*  we 
frequently  obtained  isolated  spherulites  of  tridymite  several 
millimeters  in  diameter,  even  with  rapid  cooling,  which 
api)eared  to  have  been  started  by  a  grain  of  graphite  or  car- 
borundum powder  accidentaliy  falling  into  the  melt.  On  one 
occasion  tiie  entire  block  wfis  coated  with  tridymite  to  a  depth 
of  a  niillinieter  or  more. 

We  have  therefore  succeeded,  by  direct'  experiment  upon 
])uro  silica,  in  esUiblishing  the  fact  that  tridymite,  and  not 
(juartz,  is  tlie  stable  crystalline  form  of  silica  for  all  tempera- 
tur(»s  a!)ove   1000°. 

At  lower  temperatures  than  this  it  is  impossible,  in  view  of 
tlie  inertness  of  the  sul)stance,  to  obtain  any  further  reaction, 
even  witii  the  finest  precipitated  silica,  within  the  time  avail- 
able for  a  laboratory  experiment.  A  month's  exposure  at  900° 
produced  no  change.     We  therefore  followed  the  example  of 

♦Day  and  Shepherd,  ''Quartz  Glass,"  Science,  xxiii,  p.  670,  1906. 
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several  distinguished  predecessors  in  this  field,  and  tried  vari- 
ous catalyzei*8. 

Formation  of  Qvartz. — Ilautefeuille  thought  he  had  pro- 
duced quartz  crystals  by  fusing  amorphous  silica  with  sodium 
tungstate  at  900°,  but  the  methods  of  high-temperature  meas- 
urement commonly  employed  in  his  time  were  very  imperfect, 
and  the  temperature  is  undoubtedly  too  high.  He  has  also 
stated  that  he  obtained  it  by  fusion  with  lithium  chloride. 
Both  Hautefeuille  and  Margotet  have  recorded  the  fact  that 
in  the  presence  of  lithium  chloride  amorphous  silica  changes 
to  tridymite  at  high  temperatures  and  to  quartz  at  low  tem- 
peratures. We  obtained  quartz  crystals  from  glass  by  the  use 
of  a  mixture  of  80  per  cent  KCl  with  20  per  cent  LiCl  at  all 
temperatures  below  760°,  while  at  temperatures  of  800°  and 
higher  only  tridymite  crystals  appeared.  The  same  results 
were  obtained  with  vanadic  acid  and  with  sodium  tungstate. 
The  inversion  point 

quartz  ^    ^  tridymite 

therefore  occurs  at  about  800°.  This  conclusion  is  subject  to 
the  assumption  that  the  inversion  temperature  is  not  lowered 
by  the  catalyzing  agent — an  assumption  which  seems  to  be 
justiiied  by  the  fact  that  the  quartz  crystals  obtained  in  this 
way  (judged  by  the  optical  properties)  appear  to  hold  none  of 
the  reagent  in  solid  solution. 

The  situation  is  then,  briefly,  this  :  Both  (juartz  and  amor- 
phous silica  at  high  temperatures  change  to  tridymite.  Quartz 
is  consequently  the  unstable  form  of  silica  from  800°  upward, 
and  will  go  over  into  tridymite  whenever  conditions  favorable 
to  the  change  are  present.  The  melting  teu}perature  of  silica 
is  therefore  properly  the  melting  temperature  of  tridymite  and 
not  of  quartz  as  it  is  commonly  described.  We  have  once  or 
twice  succeeded,  by  extremely  rapid  heating,  in  melting  quartz 
as  such,  or  more  correctly  speaking,  in  carrying  a  (piartz  charge 
past  tiie  melting  temperature  of  tridymite,  melting  a  portion 
of  it  and  iinding  a  residue  of  <]uartz  afterward  which  had 
neither  inverted  nor  melted.  It  would  hardly  be  possible  by 
any  known  method,  however,  to  obtain  a  separate  melting  tem- 
perature for  quartz  independently  of  tridymite. 

The  reverse  operation,  showing  that  tridymite  inverts  to 
quartz  at  temperatures  below  700°,  cannot  l)e  carried  out  in 
the  laboratory  without  the  use  of  catalyzers  on  account  of  the 
extreme  slowness  of  the  change.  In  the  |)resence  of  the  mix- 
ture of  80  per  cent  KCl  and  20  per  cent  LiC'l,  quartz  began  to 
appear  from  tridymite  in  (quantities  sutticient  for  positive  identi- 
fication after  an  exposure  of  five  or  six  days,  at  about  750°. 
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No  effort  was  made  to  invert  an  entire  charge  on  account  of  the 
slowness  of  the  change  and  the  fact  that  its  character  was  now 
fully  established.  The  ^lass  crystallizes  to  quartz  below  760° 
and  to  tridyinite  above  800°,  crj'stalline  quartz  goes  over  to 
tridymite  above  800°,  and  trid3'inite  to  quartz  at  750°  ;  the 
change  is  therefore  enantiotropic  and  not  monotropic. 

Incidentally,  a  sufficient  reason  has  been  given  for  the  com- 
plete failure  of  experimenters  to  produce  quartz  without  catal- 
ysis. If  dry  silica  at  900°  is  so  inert  as  to  undergo  no  reaction 
at  all  during  a  month's  exposure  under  favorable  conditions, 
how  can  we  expect  reaction  below  800°  where  the  viscosity  is 
even  greater  ?  Silica  must  be  crystallized  below  800°  to  pro- 
duce quartz.* 

Density  of  Silica. — The  density  of  the  silica  used  and 
obtained  in  our  experiments  was  determined  with  the  follow- 
ing results,  the  aggregate  impurity  being  not  over  one-tenth 
of  one  per  cent : 

Purified  Natural 

Quartz.  Quartz  Glass.  HaO  at  20'  =  1 . 

*2-655                 First  preparation,  '    2*209 

2-653                           "              "  2 -2 15 

2-654                            *'              "  2-212 

Second           "  2-218 


((  (( 


2-215 


Mean,  2654  (25^)  Mean,  2-213  (25°) 

It  will  be  noted  that  there  is  a  difference  of  more  than  16 
per  cent  between  the  density  of  the  glass  and  that  of  the 
quartz  crystals. 

A  charge  of  powdered  crystalline  quartz  heated  for  several 
days  at  1200°  appeared  under  the  microscope  to  be  homoge- 
neous tridymite.  8ome  observations  of  its  density  are  contained 
in  the  subjoined  table  under  the  heading  **tridymite  from 
quartz." 

*E.  Banr  (Zeitachr.  f.  phys.  Chem.  xlii,  y.  575,  1903)  appears  to  have 
obtained  trichMnito  and  quartz  side  by  side  from  a  mixture  of  S*'""  SiOs, 
4'8»''^  AlOoNa  and  12''"^  water  heated  for  six  hours  in  a  closed  steel  bomb  at 
520'.  VV^e  find  it  very  difficult  to  reconcile  this  result  with  our  experience. 
That  tridymite  is  not  the  stable  phase  at  this  temperature  under  the  con- 
ditions of  tlie  experiment  appears  to  be  established  beyond  reasonable  doubt 
by  our  own  work,  aUhou^h  we  have  never  studied  a  mixture  of  exactly  this 
composition.  We  slionld  therefore  not  expect  it  to  form  in  such  a  melt, 
certainly  not  in  the  presence  of  quartz.  If  tridymite  came  t9  be  present  by 
accident  as  a  reniilt  of  st)me  previous  operation,  or  by  the  temperature  in 
the  furnace  having  been  too  high,  it  might  revert  gradually  to  quartz  and 
thus  explain  the  presence  of  both  forms  in  such  a  charge.  Until  we  are  in 
position  to  repeat  Banr's  experiment,  therefore,  we  are  unable  to  explain  the 
aimnltaneous  appearance  of  (piartz  and  tridymite  except  by  assuming  that 
two  oi)erations  have  taken  place  :  (1)  a  formation  of  tridymite,  and  (2)  a 
partial  reversion  to  quartz,  or  some  unchanged  silica  may  subsequently  have 
formed  a  quartz  at  a  lower  temperature. 
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A  similar  charge  obtained  by  crystallizing  the  glass  at 
1200°  (three  days)  also  showed  no  residual  glass  nnder  the  mi- 
croscope. Its  density  is  given  under  the  iieading  "tridymite 
from  glass."  A  second  table  contains  confirmatory  measure- 
ments upon  a  second  preparation  heated  to  a  sliglitly  different 
temperature. 

Tridymite, 

(HaO  at  25''  =  1) 
First  Preparation,  Second  Preparation. 

(1200*').  (6  days  at  1160^). 

From  quartz.  From  glass.  From  quartz.*        From  glass. 

2  325                      2-816  2-327                      2*319 

2-330                      2-818  2-325                      2818 

2-325                      2-316  2  816 

2-31V 


Mean,  2326  (25")  Mean,  2317  (25'')    Mean,  2-326  (25")  Mean,  2-318  (25"). 

Whether  the  quartz  had  not  completely  changed  to  tridymite, 
or  the  glass -was  incompletely  crystallized,  or  perhaps  both,  is 
of  little  moment.  It  is  a  very  slow  change  and  the  agreement 
between  the  values  obtained  by  the  two  methods  is  sufficiently 
^ood,  when  considered  in  the  light  of  their  identical  optical 
properties,  to  establish  the  absolute  identity  of  the  tridymite 
formed  from  the  glass  and  fjom  the  quartz  crystals. 

The  Lime-SUica  Series, — Having  determined  the  properties 
of  our  two  component  minerals,  we  are  prepared  to  enter  upon 
the  study  of  their  relation  to  each  other  in  mixtures  of  various 
proportions.  It  will  be  borne  in  mind  that  inasmuch  as  we  found 
no  proper  melting-/yf>2n^  for  pure  silica  on  account  of  the  inert- 
ness (it  we  may  so  describe  it)  with  which  it  resists  molecular 
deorientation  when  heated,  so  compositions  which  are  immedi- 
atelv  adjacent  to  the  silica  end  of  the  series  may  bo  expected 
to  show  the  same  property  and  to  yield  but  little  information 
from  a  direct  application  of  the  usual  pyrometric  methods. 
Similarly,  pure  calcium  oxide  and  its  immediate  neighbors  are 
well  out  of  reach  of  accurate  measurement  by  any  existing 
pyrometers.  But  even  without  these  important  measurements, 
we  have  been  able  to  obtain  sufficient  information  in  the  more 
inaccessible  portions  of  the  curve  to  enable  us  to  describe  all 
the  reactions  involved  with  little  probability  of  error.  Inasmuch 
as  lime  is  one  of  the  most  refractory  minerals  known,  it  will 
require  no  apology  if  we  simply  leave  its  thermal  constants 
until  greater  perfection  in  pyrometric  measurements  shall  have 
been  attained. 

Preliminary  Orientation, — Given  chemically  jnire  and  well 
mixed  {by  grinding  and  repeated  meltinfj)  preparaticnis,  it  is 

*  This  preparation  was  afterward  foand  to  contain  some  unchanged  quartz. 
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not  a  difficult  matter  to  secure  a  preliminary  survey  of  a  field 
of  this  kind/  The  mineral  wollastonite  is  known,  and  more 
than  that,  is  known  to  possess  a  nielting  temperatnre  lower  than 
either  lime  or  silica.  There  is  therefore  immediate  reason  for 
anticipating  eutectic  relations  somewhere  in  the  series.  If 
wollastonite  forms  a  eutectic  with  components  on  one  or  both 
sides  of  it,  mixtures  containing  slightly  more  lime  or  slightly 
more  silica  than  wollastonite  will  have  lower  melting  tempera- 
tures than  it.  A  simple  and  effective  mo<le  of  preliminary  pro- 
cedure is  therefore  to  take  a  tiny  pinch  of  a  number  of  the 
percentage  mixtures  adjacent  to  wollastonite,  place  them  in 
order  upon  a  narrow  platinum  ribbon  which  can  be  heated 
electrically  to  uniform  brightness,  and  observe  the  order  iu 
which  they  melt.  No  temperature  measurement  is  worth 
while;  the  information  obtained  can  serve  only  for  orientation 
and  must  be  verified  by  more  reliable  pyrometric  methods. 

If  a  eutectic  is  present  on  either  side  of  the  compound,  it 
will  be  the  first  to  melt,  and  the  compound  last;  the  interme- 
diate mixtures  are  not  important.  If  the  materials  are  not  too 
viscous  the  melting  will  be  sharp  and  the  material  will  crystal- 
lize again  on  slow  cooling.  A  few  repetitions,  or  the  intro- 
duction of  intermediate  compositions  in  doubtful  cases,  will 
usually  enable  a  preliminary  curve  to  be  drawn  in  which  the 
compounds  and  eu  tec  tics  which  are  within  reach  will  be  cor- 
rectly located.  In  fact,  for  many  substances  they  can  bo  very 
exactly  located  in  this  way.  Intermediate  compositions,  on  the 
other  hand,  may  be  very  misleading,  depending  upon  the 
behavior  of  the  eutectic  present  after  the  melting  temperature 
of  the  latter  has  been  passed.  (In  applying  this  method,  very 
small  particles  (0*2"'"')  must  be  used  in  order  to  obtain  com- 
parable results.) 

Proceeding  in  this  way,  a  eutectic  will  be  readily  located 
between  silica  and  wollastonite  at  the  composition  63  per  cent 
Si()„  37  per  cent  CaO,  and  another  on  the  other  side  of  wollas- 
tonite at  the  composition  46  per  cent  SiO,,  54  per  cent  CaO. 
AVe  will  allow  the  other  component  of  this  second  eutectic  to 
remain  unidentified  for  the  moment,  as  no  stable  lime-silica  min- 
eral richer  in  lime  than  wollastonite  is  known.  If  we  continue 
our  platinum  ribbon  experiment  with  continually  increasing 
percentages  of  lime,  we  shall  find  that  after  one  or  two  steps 
beyond  this  second  eutectic  the  platinum  ribbon  will  burn  out 
without  melting  the  little  grains.  In  other  words,  the  melting 
temperatures  of  lime-silica  mixtures  richer  in  lime  than  60  per 
cent  are  all  higher  than  that  of  the  platinum.  To  meet  this  diffi- 
culty we  built  a  small  but  wQYy  serviceable  piece  of  apparatus 
the  essential  portion  of  which  is  a  thin  ribbon  of  pure  iridium 
about  2"""  wide  and  10""  long,  stretched  between  electrodes 
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under  constant  tension.  Immediately  beneath  tlie  ribbon  and 
supporting  its  weight  was  a  Blender  block  of  selected  inagnesite. 
The  ribbon  and  its  supports  were  then  enclosed  within  con- 
centric glass  tnbes  between  which  cold  water  was  kept  flowing. 
The  atmosphere  immediately  snrraunding  the  ribbon  was  nitro- 
gen.* With  this  ribbon  we  proceeded  as  before,  laying  oiit  a 
whole  series  of  compositions  from  tJO  per  cent  CaO  on.     With 


this  little  apparatns,  of  which  iig.  2  will  convey  a  fairly  clear 
idea,  we  promptly  discovered  a  third  and  very  sharp  eutectic 
with  the  composition  67  1/2  per  cent  CaO,  32  1/2  per  cent 
SiO„  and  a  raaximnm  indicating  a  probable  coniponnd  at  65 
per  cent  OaO,  35  SiO„  which  corresponds  to  the  anticipated 
orthosilicate.     No  other  points  were  obtained  up  to  2100    C. 

Thas  in  a  very  short  tune  and  in  this  simple  and  expeditions 
way  we  were  able  to  locate  three  eutectics  (87.  54  and  67  1/2 
per  cent  CaO)  and  two  comjwnnds  (48  and  65  per  cent  CaO) 
between  lime  and  silica,  canvassing  for  the  pnr|x>se  practi- 
cally all  the  compositions  from  pure  lime  to  pnre  silica  at 
intervals  of  1  or  2  1/2  |>er  cent,  and  all  tcmperatnres  from 
500°  to  2100°  C.  Beyond  75  per  cent  lime  and  below  32-5 
per  cent  the  method  yields  no  information,  for  reasons  which 
have  been  elaborated  elsewhere.  All  the  imi>ortatit  deter- 
minations were  verified  by  numerous  repetitions. 

If  we  now  compare  the  compounds  obtained  by  this  prelim- 
inary investigation  with  those  which  we  were  led  to  anticipate 
from  Boudouard'e  observations,  as  well  as  from  the  hypothetical 

•  Even  with  this  precaution,  the  iridinm  volatilized  so  rapidtj  that  the 
magneaite  mabluck  after  thirty  minutes  heating. 
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Bilieic  acids,  we  find  that  we  have  located  two — the  meta^ilicate 
and  orthr^ilicate — and  missed  two — the  Akermanite  analogue 
4CaO,  3SiC),,  and  the  tricalcic  silicate.  The  next  step  was 
tlierefore  obviously  to  brin^  all  our  resources  to  bear  upcm 
theije  particular  compositions  in  order  definitely  to  ascertain 
whether  such  compounds  can  exist  when  the  components  are 
pure,  and  if  so,  under  what  conditions  and  with  what  proper- 
ties. 

7/ie  Akermanite  AiialiXjue, — The  Skermanite  analo^e 
(4Ca0.3SiO,)  was  first  taken  up  and  the  neighboring  concen- 
trations investigated  at  intervals  of  1  per  cent  with  the  great- 
est care.  A  large  charge  of  this  particular  composition  was 
repeatedly  melted  and  examined  under  the  microscope,  but  it 
failed  to  show  homogeneous  structure  or  any  characteristic 
property  of  a  compound.  On  the  other  hand,  the  pseudo- 
woUastonite  and  the  orthosilicate  appeared  in  the  proportion 
appropriate  to  its  place  in  the  series.  Furthermore,  since  the 
melting  temperatures  of  these  mixtures  were  within  the  reach 
of  our  platinum  furnaces,  and  therefore  of  our  most  sensitive 
pyrometric  measurements,  we  were  able  to  hold  the  tempera- 
ture constant  at  any  desired  point  and  then  by  rapid  cooling 
(quenching  in  mercury)  to  fix  any  phase  which  might  have 
been  present  and  become  unstable  below  that  temperature. 
Here  again  we  found  that  |)seudo-wollastonite  and  the  calcium 
orthosilicate  were  the  only  phases  which  could  be  separated 
from  this  or  any  mixture  of  the  pure  components  in  this 
neighborhood.  It  is  our  belief,  therefore,  that  the  fikermanite 
mineral  cannot  exist  between  the  pure  components  and  is  only 
possible  when  other  substances  are  present.  This  is  further 
indicated  by  the  fact  that  the  metasilicate  of  calcium  in  the 
presence  of  magnesium  forms  a  solid  solution  of  which  the 
liinitinji:  concentrations  are  relativelv  wide  and  which  would 
easily  account  for  the  flkermanite  mineral  produced  from  the 
fusion  of  tlie  three  components. 

77//?  OrthoHtlicate  of  Calcium^  2CaO^SiO^  (65'00  per  cent 
CaO).* — It  has  long  been  known  that  the  orthosilicate  of  cal- 
cium, althougli  not  found  in  nature,  can  be  formed  by  the 
fusion  of  the  pure  components.  The  temperature  of  fusion  is 
very  high  and  tlie  crystalline  material  obtained  disintegrates 
spt>iitaneously  at  the  lower  tem])eratures  The  cause  of  the 
disintegration  htis  not  been  carefully  studied  heretofore,  and 
optical  (letenninations  of  it  are  ditficult,  owning  to  the  extreme 
fineness  of  tlie  <lisintegrated  product.  Our  investigation  estab- 
lishes the  fact  tliat   tlie  (^'thosilicate  of  calcium   can  exist   in 

*  The  mctaKilieatt?  of  crtlciuui  has  been  made  the  subject  of  a  special  paper 
by  Alh-n,  White  and  Wright  (loc.  cit.)  and  will  not  receive  detailed  con- 
sideration here. 
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three  polymorphic  forms  in  enantiotropic  relation  to  each 
other,  which  we  have  designated  as  a,  yS  and  7,  in  the  order  in 
which  they  form  from  fusion.  The  a-form  is  the  only  modi- 
fication which  is  stable  in  contact  with  the  melt.  Its  specific 
gravity  is  about  3*27,  determined  in  methylene  iodide  solution 
upon  fresh  crystals.  Its  hardness  is  5-6,  Mohs's  scale ;  crystal 
system,  monoclinic. 

Below  1410°  the  a-form  changes  into  the  yS-form,  of  which 
the  density  3*28  (measured  by  comparing  the  indices  of  refrac- 
tion) is  but  little  different  from  that  of  the  a  modification. 
The  substance  was  too  unstable  for  determinations  of  the 
density  to  be  made  in  the  ordinary  way.  It  crystallizes  in  the 
orthorhombic  system.  The  inversion  point  between  the  a  and 
/3  varieties  is  well  marked  and  distinguishable  over  almost  the 
entire  range  of  compositions  of  which  the  ortliosilicate  is  a 
component,  as  indicated  in  the  diagram  (fig.  3,  line  MN).  The 
inversion  of  yS  into  7  occurs  at  about  675°  with  a  large  increase 
of  volume  which  at  once  explains  the  disintegration  of  the 
material.  The  temperature  M  which  this  inversion  occurs  is 
somewhat  variable,  and  it  is  not  readily  reversed.  It  is  much 
too  slow  a  change  to  admit  of  pyrometric  determination,  but 
it  is  possible  to  locate  it  approximately  by  quenching  the 
material  from  selected  temperatures  in  the  neighborhood  of 
the  inversion  point.  The  usual  procedure  was  to  take  a  small 
portion  of  the  disintegrated  material,  fold  it  tightly  between 
thin  strips  of  platinum  and  place  these  in  the  turnace.  The 
temperature  was  then  raised  to  any  chosen  value  and  main- 
tained constant  for  periods  of  time  varying  from  six  hours  to 
three  or  four  days.  At  temperatures  far  enough  removed 
from  the  inversion  point,  the  transition  from  one  form  into 
the  other  was  fairly  rapid,  but  as  the  temperature  of  inversion 
approaches,  equilibrium  is  attained  with  increasing  difficulty. 
Alter  the  furnace  had  remained  at  this  constant  temperature 
for  a  length  of  time,  it  was  opened,  the  platinum  strips  contain- 
ing the  orthosilicate  were  removed  and  quickly  plunged  into 
mercury.  In  this  way,  from  temperatures  just  above  the 
inversion  point,  it  was  possil)le  to  fix  the  y8-form  long  enough 
to  allow  of  its  optical  determination. 

The  disintegration  on  cooling  appeared  to  depend  consider- 
ably upon  whether  or  not  the  a-form  had  first  been  allowed 
to  change  into  the  yS-form.  For  example,  if  a  small  portion 
of  the  orthosilicate  is  fused  before  the  oxyhydrogen  blast  and 
then  plunged  directly  from  the  flame  into  mercury,  the 
quenched  material  will  usually  be  stable  for  a  considerable 
time.     If  the  flame  is  removed  but  a  moment  and  the  slightly 
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cooled  specimeu  plunged  from  white  heat  into  mercury ,  disin- 
tegration is  immediate.  This  phenomenon  was  further  veri- 
fied by  fusing  the  material  and  dropping  it  into  a  furnace  held 
at  about  1200°  C.  After  a  few  moments  the  charge  was  then 
removed  and  qnickly  plnnged  into  mercury.  Treated  in  this 
way,  all  of  a  goes  over  into  /9,  which  in  turn  will  disintegrate 
completely  with  little  or  no  delay  after  reaching  the  y9  ^  ^7 
inversion  temperature.  One  will  sometimes  get  the  a-form 
by  slow  cooling,  but  never  the  yS-form. 

The  7-form  of  the  ortliosilicate  crystallizes  in  the  monoclinic 
system.  Its  density,  determined  in  turpentine,  by  the  pic- 
nometer  method,  is 

2-973 
2-975 


Mean,  2-974 

The  difference  in  volume  between  the  7  and  a  or  0  forms  is 
therefore  nearly  10  per  cent,  and  since  the  a  and  particularly 
the  yS-form  goes  over  into  the  7  at  low  temperatures  with  the 
greatest  readiness,  the  disintegration  of  the  fused  orthosilicate 
is  readily  explained. 

Neighboring  mixtures  containing  the  orthosilicate  as  a  com- 
ponent disintegrate  beginning  with  compositions  containing 
only  51  per  cent  of  lime.  The  disintegration  of  this  prepara- 
tion is,  however,  very  slow,  and  usually  does  not  take  place  at 
all  unless  the  mixture  has  been  held  for  some  time  at  a  rela- 
tively high  temperature.  The  54  per  cent  mixture  can  also  be 
readily  obtained  without  disintegration,  but  with  more  than 
54  per  cent  of  CaO,  disintegration  always  occurs  under  the 
ordinary  conditions  of  preparation. 

If  the  orthosilicate  be  heated  to  temperatures  only  slightly 
above  QR  (fig,  3)  so  as  to  produce  the  yS-form  without  sinter- 
ing, disintegration  does  not  appear  on  cooling  for  the  reason 
that  the  change  in  volume  is  not  apparent  in  the  powdered 
material.  If  u\e  charge  be  heated  to  about  1400°,  or  above 
1410**  where  the  a  modification  appears,  it  sinters  tightly 
together  and  the  disintegration  phenomenon  is  again  observea. 
Charges  sintered  together  at  1400°  to  1500°  and  held  continu- 
ously at  any  temperature  above  QR  do  not  disintegrate  so 
long  as  this  temperature  is  maintained,  but  as  soon  as  the 
temperature  drops  below  QR,  disintegration  recurs,  but  not 
at  a  constant  temperature  nor  at  any  characteristic  rate,  the 
change  being  very  dependent  upon  the  conditions  obtaining 
at  the  time. 

The  orthosilicate  is  easily  attacked  by  water,  giving  an  alkaline 
reaction,  even  when  the  water  is  cold,  while  with  boiling  water 
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it  is  possible  to  wasli  out  as  much  as  10  per  cent  of  lime.  This 
probably  accounts  for  the  absence  of  tnis  mineral  in  nature. 
Ammonium  chloride  solution  even  when  cold  decomposes  all 
the  mixtures  of  CaO  and  SiO,. 

The  tricalcic  silicate^  SCaOSiO^.  —  This  silicate  owes  its 
supposed  existence  mainly  to  those  in  vestigatoi's  who  have  found 
it  necessary  to  postulate  such  a  compound  in  order  to  explain 
the  constitution  of  portland  cement.  So  far  as  the  literature 
shows,  no  one  has  ever  isolated  and  described  a  pure  and  homo- 
geneous compound  of  this  composition  or  defined  its  proper- 
ties.* Many  and  varied  attempts  to  make  it  have  uniformly 
resulted  in  mixtures  in  which  poor  optical  properties  have  made 
the  conclusions  insufficiently  positive.f 

We  began  the  investigation  of  this  composition  by  fusing  the 
components  in  the  proper  proportions  and  examining  the  fused 
product  microscopically  as  others  had  done.  Most  previous 
investigators,  however,  appear  to  have  depended  for  microscopic 
evidence  upon  the  ordinary  optical  figures  and  interference 
colors.  Now,  it  so  happens  that  this  mixture  when  fused  crys- 
tallizes in  an  extremely  fine  structure  in  which  the  interference 
colors  are  quite  different  from  those  of  the  orthosilicate  to  be 
sure,  but  this  is  merely  the  result  of  the  fine  state  of  division 
and  the  overlapping  of  the  crystals,  and  not  to  another  com- 
pound. If  one  examines  any  oiF  the  compositions  in  which  the 
tricalcic  silicate  might  be  expected  to  figure,  using  the  very 
sensitive  index  of  refraction  as  a  test  of  homogeneity,  he  will 
find  that  in  every  preparation  containing  more  lime  than  65 
per  cent  (orthosilicate  composition),  there  is  an  excess  of  free 
lime  which  can  be  positively  identified.  We  have  fused  the 
tricalcic  silicate  composition,  cooled  it  rapidly  and  slowly  in 
various  ways,  without  once  failing  to  find  free  CaO  present  in 
quantity.  Through  the  kindness  of  Dr.  Clifford  Richardson 
we  were  also  given  an  opportunity  to  examine  some  of  the 
tricalcic  silicate  prepared  and  described  by  him,  and  while  its 

*It  is  sometimes  described  as  "nearly  homogeneous." 

f  A  moment's  consideration  should  suggest  that  there  is  no  real  necessity 
for  assuming  the  existence  of  the  tricalcic  silicate  in  order  to  explain  the 
nature  of  portland  cement.  It  is  at  least  a  three-component  system  with  a 
great  number  of  possibilities.  The  real  difficulty  appears  to  have  been  that 
crystallized  lime  is  relatively  inert  and  does  not  readily  give  the  reactions 
common  to  ordinary  lime,  consequently  the  tests  which  were  thought  to 
demonstrate  the  absence  of  free  lime  in  these  preparations  have  proved  very 
misleading.  For  example,  we  have  found  that  crystals  of  CaO  are  but  very 
slowly  attacked  by  water  (see  p.  271).  Another  argument  which  is  freely 
offered — that  there  can  be  no  free  lime  present  •'  because  if  free  lime  is  added 
the  cemeut  dusts  spontaneously,"  is  obvious  fallacy.  Free  lime  doeg  not 
cause  the  dusting  and  if  it  did  the  fact  that  the  addition  of  free  lime  caused. 
dusting  would  be  no  j)roof  that  none  was  present.  (Cf.  52  per  cent  CaO,  4S 
SiOa.) 
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ordinary  appearance  under  the  microscope  differed  from  that 
of  the  ortnosilicate,  a  study  of  the  index  of  refraction  showed 
the  supposed  tricalcic  silicate  to  be  a  mixture  of  the  orthosili- 
cate  with  free  lime.  Having  failed  to  obtain  a  single  tricalcic 
silicate  which  did  not  contain  free  lime,  and  because  every 
specimen  which  we  examined,  including  many  which  had  been 
prepared  by  others,  also  showed  the  orthosilicate  to  be  present, 
we  were  forced  to  conclude  tliatthe  tricalcic  silicate  has  no  real 
existence.  We  also  tried  fusing  the  tricalcic  silicate  composi- 
tion with  a  flux,  but  the  product  was  always  the  orthosilicate 
of  calcium  with  free  lime. 

Although  we  are  anticipating  pyrometric  studies  which  fol- 
low, a  single  glance  at  our  diagram,  flg.  3,  will  show  that  we 
have  found  and  measured  the  0  ^  ^  a  inversion  of  the  ortho- 
silicate in  all  the  compositions  up  to  90  per  cent  lime,  which  we 
could  never  have  done  with  a  tricalcic  silicate  intervening 
unless  the  tricalcic  silicate  be  assumed  to  possess  an  identical 
inversion, — which  would  be  rare  coincidence.  We  have,  there- 
fore, complete  optical  and  pyrometric  evidence  of  the  persist- 
ence of  the  orthosilicate  throughout  the  supposed  tricalcic 
silicate  region,  and  no  compound  of  tricalcic  silicate  composi- 
tion can  exist  there. 

By  way  of  completing  the  search  for  hypothetical  compounds, 
we  also  examined  compositions  corresponding  to  the  trisilicic 
acid,  but  found  that  the  mixtures  of  lime  and  silica  from  which 
the  salt  of  this  acid  might  be  expected  to  crystallize  did  not 
give  any  new  phases.  These  mixtures  showed  well  developed 
pseudo-wollastonite  with  the  tridymite  eutectic,  and  neitlier 
rapid  cooling  nor  crystallization  of  the  glass  at  low  tempera- 
tures gave  any  indication  whatsoever  of  the  hypothetical  com- 
pound. 

Thermal  Apparatus, — The  thermal  measurement>s  to  be 
detailed  in  the  pages  which  follow  were  obtained  for  the  most 
part  in  furnaces  and  by  methods  which  have  been  described  in 
sufficient  detail  elsewhere.*  The  work  which  has  been  done 
with  the  apparatus  since  that  time  has  exposed  one  weakness 
which  will  be  given  detailed  consideration  at  a  more  appropri- 
ate time  and  place,  but  will  be  outlined  here  for  the  use  of 
others  who  may  have  occasion  to  employ  this  extremely  useful 
and  accurate  apparatus.  For  certain  reasons  of  convenience 
rather  than  of  necessity,  the  platinum  coils  which  we  have 
heretofore  employed  for  heating  purposes  have  usually  con- 
tained 10  per  cent  of  iridium.  It  has  now  been  found  that 
even  in  a  nitrogen  atmosphere  this  iridium  sublimes  slowly  at 
temperatures  above  1200°  and  enters  and  contaminates  the 
wires  of  the  thermoelement,  if  they  are  exposed,  even  in  the 

*Day  and  AUen,  loc.  cit. 
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colder  parts  of  the  furnace.  Unglazed  porcelain  offers  no 
protection  against  tin's  indiinn.  Tlie  effect  of  tliis  contamina- 
tion is  to  inaKe  the  thermoelements  read  too  low.  The  nrror  is 
noticeable  after  a  single  hour's  exposure  (perhaps  1/2°),  and 
will  gradually  increase  to  fifty  degrees  or  more  in  a  few  weeks 
of  continuous  usage,  the  amount  depending  considerably  ufwn 
the  temperatures  employed.  The  remedy  is  simple  and  sure, — 
vae  nil  iridium,  in  the  furnace.  An  element  once  contami- 
nated in  this  way  can  only  be  restored  by  cutting  off  the  exposed 
portion. 

Above  1600°  the  platinum  coil  and  the  thermoelement  gave 
place  to  the  iridium  tube  furnace  and  the  Holboru-Korlbaum 
optical   pyrometer.     The   adjoining   diagram  (tig  4)  contains 


^""•■^"■S 


sufficient  details  to  show  almost  at  a  glance  the  operation  of 
the  system.  A  straight  iridium  tube  about  18™  long  and 
4™  in  diameter  is  fed  by  an  alternating  current  of  low  voltage, 
led  in  through  platinum  and  silver  tlauges  at  tlie  ends.  Fused 
magnesia  ser^'es  as  iusulating  material  and  a  base  of  magnesia 
supports  a  small  iridium  crucible  in  the  position  indicated.  A 
small  opening  in  the  magnesia  cover  enables  the  pyrometer  to 
be  sighted  on  any  point  witbin,*  The  furnace  will  reach  tem- 
peratures of  ^100°  0.  and  is  almost  indispensable  at  very  high 
temperatures  wiiere  an  oxidizing  atmo.spliere  is  important. 

Thin  funiarti  woa  mode  for  as  \>y  Dr.   HeramiB  uf  Haaan.  Oermaiij,  to 
whom,  as  well  as  to  his  HsaociBte.  Dr.  KHcb,  we  are  indebted  for  many  ooar- 


.Day  <md  Shepherd — Lime-SUica  Series  of  Minerals.  287 

The  Holbom-Kurlbaum  pyrometer  is  a  very  simple  tele- 
scope consisting  of  two  cheap  lenses,  in  the  focus  of  the  first 
of  which  (eye-piece)  is  placed  a  small  incandescent  lamp  in 
which  the  current  and  therefore  the  brightness  of  the  filament 
can  be  varied.  The  operation  of  measuring  then  consists 
merely  in  focussing  the  telescope  upon  the  hot  body  of  which 
the  temperature  is  required  and  changing  the  current  in  the 
filament  until  the  latter  can  no  longer  be  seen  against  the  hot 
object  observed.  The  current  then  passing  through  the  fila- 
ment is  a  measure  of  the  temperature.  Monochromatic  light 
(preferably  red)  only  is  used.  The  calibration  of  this  instru- 
ment is  arbitrary.  It  requires  merely  to  be  directed  dt  a  hot 
object  of  which  the  temperature  is  known,  and  the  current 
observed.  The  relation  between  current  and  temperature  for 
several  temperatures  can  then  be  elaborated  into  a  curve  for 
purposes  of  interpolation  or  extrapolation.  One  condition 
must  not  be  overlooked  in  the  use  of  such  an  instrument, — 
the  radiant  energy  sent  out  at  a  particular  temperature  is  differ- 
ent for  different  substances  unless  they  are  enclosed  within  a  hol- 
low body  of  uniform  temperature,  in  which  case  all  bodies  radi- 
ate alike  and  perfectly.  Such  a  hollow  body  with  a  small  open- 
ing has  been  called  by  Kirchhoff  ft  '*  black  body  "  or  perfect 
radiator,  and  the  radiant  energy  passing  through  the  opening, 
black  radiation.  A  fair  working  test  for  the  "  blackness  "  of 
radiation  within  a  furnace,  for  example,  is  obtained  by  observ- 
ing whether  objects  within  can  be  distinguished.  When  all 
detail  disappears  within  a  furnace,  its  radiation  is  reasonably 
black.  This  is  approximately  true  at  the  center  of  nearly  all 
enclosed  electrical  resistance  furnaces  in  which  no  combustion 
is  going  on,  but  if  the  temperature  is  high  it  is  usually  not 
entirely  uniform  even  for  small  areas,  and  the  radiation  is  con- 
seauently  not  black. 

For  purposes  of  comparing  the  thermal  constants  of  dif- 
ferent substances  of  unknown  radiating  power,  therefore,  we 
first  obtained  small  incandescent  lamps  which  had  been  cali- 
brated upon  a  black  body  at  the  Reichsanstalt  and  verified  the 
calibration  upon  a  similar  body  in  our  own  laboratory  for  the 
purpose  of  comparing  standards.  We  did  not  deem  it  safe  to 
assume  the  approximate  blackness  of  charges  within  the  fur- 
nace, although  the  conditions  sometimes  appeared  sufficiently 
good  to  warrant  it.  We  took  two  trustworthy  fixed  points, 
the  melting  temperature  of  anorthite  (1532°)  and  platinum 
(1720°),  both  being  in  the  region  in  which  we  proposed  to 
apply  the  method,  and  observed  the  radiation  from  a  tiny 
fragment  of  iridium  ribbon  at  those  temperatures.  In  this 
way  we  obtained  two  points  slightly  below  the  black  body 
cui-ve  and  passed  through  these  an  empirical  curve  parallel  to 
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the  standard  curve.  Our  temperatures  were  measured  in 
terms  of  this  empirical  curve.  Since  diflferences  of  less  than 
live  degrees  can  nardly  be  distinguished  by  this  apparatus  at 
such  high  temperatures,  the  assumption  here  made  that  the 
radiation  from  iridium  is  of  uniform  quality  throughout  the 
region  between  1600^  and  2100°,  will  hardly  be  called  in  ques- 
tion. After  the  temperature  scale  was  established  in  this  way 
the  iridium  fragment  was  laid  on  the  top  of  each  charge  dur- 
ing the  measurement  and  all  determinations  were  made  in 
terms  of  the  radiation  from  it. 

With  this  pyrometric  apparatus  we  undertook  to  examine  all 
the  mixtures  within  reach  from  lime  to  silica  which  the  micro- 
scopic study  had  sliown  to  be  important.  The  mixtures  were 
first  examined  in  charges  of  100  grams  between  500°  and  1600° 
in  a  furnace  of  the  type  described  by  Day  and  Allen  {Ivc.  cit.\ 
supplemented  where  necessary  by  observations  at  higher  tem- 
peratures in  the  iridium  funiace  with  the  optical  pyrometer. 
The  relative  sensitiveness  of  the  two  methods  is  roughly  one 
to  ten,  i.  e.,  the  smallest  temperature  changes  which  the  opti- 
cal pyrometer  can  detect  are  fully  ten  times  as  great  as  those 
which  can  be  readily  measured  with  the  thermoelement.  Fur- 
thermore, the  optical  pyrometer  is  merely  a  device  for  estima- 
ting temperatures  by  observation  from  without  the  furnace. 
It  enables  an  observer  to  heat  a  charge  to  a  certain  tempera- 
ture but  not  to  tell  whether  anything  takes  place  there  except 
by  removing  the  charge  from  the  furnace  for  examination. 
It  is  not  adapted  to  the  determination  of  thermal  constants  by 
direct  observation  except  in  the  case  of  the  melting  tempera- 
ture of  pure  compounds  or  eutectic  mixtures  which  melt 
sharply  into  a  thin  liquid. 

It  has  been  our  universal  experience  that  changes  of  state 
which  are  subject  to  lag  are  much  more  easily  and  certainly 
determined  from  heating  than  from  cooling  curves.  Under- 
cooling in  these  ultra-viscous  media  cannot  be  prevented  with 
certainty  by  any  of  the  usual  methods.  Superheating  is  also 
unavoidable  at  times,  as  we  have  alreadv  noted  in  the  case  of 
quartz  and  elsewhere.  In  these  cases  the  change  of  state 
required  by  conventional  definitions  simply  cannot  be  deter- 
mined as  a  point.  Where  the  inertness  is  not  so  great  as  to  be 
prohil)itive  of  all  measurement,  our  uniform  experience  has 
been  that  the  melting  temperature  can  often  be  established 
with  confidence,  where  solidifying  temperatures  cannot. 
Similarly,  inversions  in  the  solid  state  can  usually  be  fixed 
upon  a  curve  of  rising  temperatures  with  greater  certainty 
than  upon  a  cooling  curve. 

T/iG  teniperatxire  constcmts, — We  have  now  definitely  located 
the  compounds  of  lime  and  silica  which  can  exist  between  the 


Day  and  Shepherd — Lime'SUica  Series  of  Minerals.  289 

?ure  components  together  with  the  eutectics  which  they  form, 
t  only  remains  to  study  their  thermal  properties  somewliat 
more  consistently  with  the  help  of  the  apparatus  which  has 
been  described.  It  was  not  fonnd  possible  to  determine  the 
presence  of  the  eutectic  (Line  HBI,  tig.  3)  in  the  10  and  20 
per  cent  compositions,  for  reasons  which  will  have  become 
suflSciently  clear  already,  but  the  microscopic  evidence  shows 
the  tridymite  to  be  normal,  whether  it  forms  from  pure  silica 
or  in  the  presence  of  lime,  so  that  the  eutectic  must  extend 
over  to  the  silica  axis.  From  30  per  cent  on  there  was  no  dif- 
ficulty in  observiiig  it  pyrometrically.  The  observations  are 
included  in  Table  L 


Tabt.e  I. 

Eutectic. 

Ti-idymite  +  Pseudo-wollastonite. 

(Line  H  I,  fig.  8.) 

Percentage  of  CaO. 

30 

32 

35 

40 

45 

Eutectic  melts 

1420° 

1417° 

1 1  20° 

1421° 

1419° 

1419 

1423 

1420 

1419 

1414 

1422 

1406 

1416 

1420 

1406 

Mean 

1420° 

1418° 

1418° 

1421° 

1413° 

The  liquidus  AB  (fig.  3)  has  been  drawn  as  a  dotted  line. 
The  value  assumed  for  the  melting  temperature  of  silica  is 
based  upon  considerations  which  have  been  elaborated  elsewhere 
(p.  272).  It  requires  no  further  comment  except  perhaps  to 
call  attention  to  the  fact  that  it  is  much  lower  than  the  tem- 
perature usually  assigned  to  it.  As  the  mixtures  grow  richer 
in  lime,  the  melting  of  the  excess  of  silica  seems  to  be  consid- 
erably facilitated,  but  there  are  no  points  sufficiently  sharp  to 
serve  any  purpose  as  quantitative  determinations  until  we 
reach  the  composition  30CaO,  TOSiO,.  The  microscopic  evi- 
dence is  however  both  satisfactory  and  sufficient  as  to  the  nature 
and  continuity  of  the  curve. 

Along  the  branch  BC  (fig.  3)  of  the  liquidus,  the  pseudo- 
wollastonite  is  the  solid  phase.  It  crystallizes  from  these  mix- 
tures in  laths  between  which  an  extremely  fine-grained,  almost 
sub-microscopic  eutectic  appears. 

It  may  be  remarked  in  passing  that  the  "eutectic  structure" 
in  minerals  is  by  no  means  so  characteristic  as  in  the  case  of  the 
alloys.  Owing  to  the  great  viscosity  of  these  melts  and  conse- 
quent slowness  of  diffusion,  it  is  evident  that  there  is  no  oppor- 
tunity for  the  formation  of  the  characteristic  grain  structure 
which  we  have  come  to  associate  with  the  eutectics  of  alloys. 
This  almost  complete  absence  of  diffusion  in  silicate  melts  makes 
it  necessary  to  proceed  with  great  caution  in  applying  to  minerals 
the  methods  which  are  easily  and  effectively  applied  to  the  alloys. 
For  example,  in  alloys  it  is  possible  to  crystallize  out  a  portion 
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of  the  solid  phase,  then  to  separate  the  mother  liquor  and,  by 
analysis  of  the  two,  to  determine  the  composition  of  the  solid 
phase.  In  the  ease  of  mineral  mixtures,  tne  segregation  of  the 
eutectie  is,  for  laboratory  experiments  at  least,  very  indefinite. 
We  have  repeatedly  examined  different  regions  of  a  charge  in 
which  the  eutectie  was  known  to  separate,  in  the  hope  of  find- 
ing it  segregated  towards  the  middle  of  the  charge,  as  commonly 
happens  with  alloys,  but  in  no  case  were  we  able  to  detect  more 
of  tne  eutectie  in  one  part  of  the  charge  than  in  another.  It 
is  usually  finely  divided  and  intimately  mixed  with  the  primary 
crystals. 

The  properties  of  the  pseudo-wollastonite  which  separates 
along  the  branch  BC  are  not  quite  identical  with  those  of  the 
compound  when  prepared  pure,  from  which  it  is  evident  that 
a  certain  amount  of  silica  must  be  taken  up  by  it  in  solid  solution. 
The  amount  thus  held  in  solution  is  certainly  less  than  2  per 
cent,  but  its  exact  determination  microscopically  is  very  difficult 
indeed.  Furthermore,  this  pseudo-wollastonite  when  changed 
to  woUastonite  still  shows  a  slightly  different  optical  character 
from  the  pure  material,  showing  that  the  solid  solution  appar- 
ently continues  after  the  inversion.  For  brevity,  the  pseudo- 
wollastonite  has  been  designated  a-CaSiO„  aud  wollastouite 
/3-CaSiO,  in  tiff.  3.  The  branch  of  the  liquidus  CD  was  read- 
ily determinea,  as  well  as  the  beginning  of  the  branch  DE. 
It  was  not  possible,  however,  to  follow  the  branch  DE  beyond 
57  per  cent  owing  to  the  steepness  of  the  curve,  which  rapidly 
carries  it  out  of  the  range  of  the  accurate  thermoelectric 
methods. 

Table  II. 

Curve  of  Melting  Points. 

(Curve  A  B  C  D  E  F  G,  fig.  3.) 


Percentage  of  CaO  400 

450 

48-2 

500 

52 

54 

55-5 

65 

67 

Component  in  1457° 

1504° 

1512°* 

1505° 

1484° 

1435° 

1516° 

2077° 

20] 

excess  melts  1457 

1504 

1510 

1483 

1437 

1489 

2085 

1445 

1497 
1494 

• 

1509 

1485 
1484 
1483 
1482 

1488 

1434 
1435 
1435 
1432 
1432 
1435 
1433 
1430 
1429 

2083 

Mean    1453°  1500°  1512"*  1508°  1484°  1433°  1603°  2082°t  201 

*  Determined  by  Allen  and  White  (loc.  cit.). 
jf  Determined  with  the  Holborn-Kurlbaum  optical  pyrometer  in  the  Iridiam  fnrxiac^ 


Day  and  Shepherd — Lime'Silica  Series  of  Minerala.  291 

Observations  along  the  curve  of  melting  points  are  con- 
tained in  Table  II.  The  eutectic  KL  (pseudo-woUastonite  + 
^-calcinra  orthosilicate,  Table  3)  was  found  in  all  compositions 
containing  more  than  50  per  cent  and  less  than  65  per  cent 
CaO.  Not  a  trace  of  it  could  be  detected  in  the  65  per  cent 
composition,  though  diligent  search  was  made  for  it.  A  great 
many  determinations  were  made  of  it  of  which  the  values  are 
given  in  Table  III. 


Table 

III. 

Eutectic,     Pseudo-  Wollastonite 

+  a-Calcium  Orthosilicate. 

Percentage 
of  CaO              50 

(Line  KL, 
52            54 

fig.  3.) 
55-5 

57 

60 

63-5 

Eutectic         1428° 

1432° 

1435° 

1427° 

1419° 

1431° 

1426° 

melts          1435 

1428 

1437 

1428 

1428 

1422 

1431 

1432 

1428 

1434 

1427 

1428 

1425 

,  1429 

1428 

1435 

1428 

1430 

1426 

1429 

1435 

1427 

1429 

1426 

1428 

1432 

1428 

1429 

1426 

1430 

1432 

1429 

1433 

• 

1433 

1435 

1431 

1434 

1426 

1433 

1430 

1434 

1433 

1480 

1430 

1441 

1427 

1429 

1438 

1431 

1435 

1430 

• 

1426 

1430 

1431 

Mean 


1432°      1430°      1433°      1429°      1431°      1426°      1429' 


The  properties  of  the  metasilicate  separating  along  CD  are 
also  slightly  different  from  those  of  the  pure  pseudo- wollas- 
tonite, and  up  to  50  per  cent  the  mixture  appears  homogene- 
ous, so  that  the  metasilicate  probably  takes  up  about  1  per 
cent  of  orthosilicate  in  solid  solution.  The  melting  point  of 
the  orthosilicate  deterniined  in  the  iridium  furnace  was  found 
to  be 

2077° 
2085° 
2083° 


Mean 


2082" 


Another  charge  observed  at  2035°  was  found  entirely 
unmelted.  Optical  methods  of  temperature  measurement  are 
not  competent  to   determine  the  melting  temperature  of  the 
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orthosilicate  in  tlie  presence  of  the  eutectic  for  reasons  already 
explained  (p.  267),  but  the  eutectic  or  the  compound  is  readily 
measured  by  itself  once  the  composition  has  been  determined. 
Applying  the  method  to  the  67^  per  cent  mixture,  therefore, 
it  was  found  to  melt  very  sharply  at  2015®.  Neither  the 
orthosilicate  nor  the  70  per  cent  CaO  composition  showed  any 
trace  of  fusion  at  this  temperature.  Since  the  microscopic 
properties  of  the  orthosilicate  remain  unchanged  in  the  pres- 
ence of  an  excess  of  lime  or  of  silica,  it  follows  that  the 
orthosilicate  does  not  form  solid  solutiops  with  either  lime  or 
silica.  Both  eutectics  will  therefore  continue  up  to  the  ortho- 
silicate. Above  the  lime-orthosilicate  eutectic  the  pyrometer 
affords  no  further  information  regarding  the  melting  point 
curve. 

The  line  MN  (fig.  3)  represents  the  temperature  at  which 
the  inversion  to  ^S-orthosilicate  occurs.  It  will  be  noted  that 
the  inversion  is  frequently  delayed  by  superheating,  especially 
in  the  region  remote  from  the  eutectic,  but  it  was  always  possi- 
ble to  show  by  quenching  the  material  from  above  and  below 
these  temperatures  that  the  variation  is  merely  due  to  the 
inevitable  lag  of  the  reaction.  Between  50  and  65  per  cent 
of  lime,  the  two  heat  changes  at  MN  and  KL  lie  so  close 
together  that  it  was  very  difficult  to  separate  them.  The 
pyrometer  shows  two  points  plainly,  but  each  is  somewhat 
influenced  by  the  presence  of  the  other.  We  were  able,  how- 
ever, to  distinguisli  them  beyond  possibility  of  confusion  by 
holding  the  furnace  constant  at  1425°  and  quenching  the 
charge  in  water.  These  conditions  yield  a-orthosilicate + 
pseudo-wollastonite,  while  if  the  temperature  is  held  at  1390- 
1400°.  /3-ortho8ilicate  + pseudo-wollastonite  results.  The  inver- 
sion temperatures  are  contained  in  Table  IV.  Mean  values 
lose  much  of  their  significance  in  determinations  of  inver- 
sion temperatures  where  superheating  can  occur  and  are 
accordingly  omitted  from  the  table. 


Table  IV. 

Percentage 
of  CaO 

55-5 

Immersion   jB-Orfhosilicate  to 
570      600        62-5        650 

a-Orthosilicate. 
70          73 

75 

80 

Inversion 

407° 

1395° 

1404° 

1396° 

1426° 

1409° 

1426° 

1415° 

1407° 

tempera- 

1414 

141'2 

141  1 

1397 

1421 

1405 

1425 

1421 

1429 

ture. 

1403 

1419 

1411 

1405 

1415 

1412 

1432 

1411 

1415 
1406 
1400 
1404 

1398 
1402 
1404 
1405 
1388 

1398 
1408 
1407 
1401 

1414 
1412 
1413 
1417 
1423 
1411 

1425 
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The  scattered  points  lying  below  1300°  (fig.  3)  occur  only 
in  the  compositions  in  which  the  metasilicate  is  present,  ana 
correspond,  as  a  microscopic  examination  at  once  shows,  to  the 
change  from  woUastonite  to  the  pseudo-hexagonal  form. 
Vith  falling  temperature,  the  points  occur  very  much  lower 
or  are  lost,  since  the  inversion  does  not  occur  quite  as  readily 
on  cooling.  Allen  and  White  observed  that  this  inversion 
could  be  brought  about  only  with  great  diflSculty  with  the 

1)ure  metasilicate,  but  in  the  presence  of  an  excess  of  either 
ime  or  silica,  we  found  it  to  occur  with  comparative  readiness 
(Table  V)  in  many  compositions. 

The  line  QR  is  the  tempemture  at  which  the  reaction  ^8  into 
a  takes  place.  As  observed  in  the  discussion  of  the  proper- 
ties of  tne  orthosilicate,  this  reaction  does  not  occur  promptly, 
but  is  liable  to  very  serious  superheating  or  undercooling. 


Tabt.e   V. 

Inversion  p-Metasilicate  to  a-Metcmlicate. 

Percentage  CaO                  80           82*5          35             40 

Temperature  of         1273°     1274°     1257°     1288° 
inversion.                               1263       1399       1266 

1323 
1328 

45 
1254° 

57 
1286° 

J^art  III,     Optical  Study, 

The  different  members  of  the  lime-silica  series  are  well 
characterized  optically  and  can  generally  be  distinguished 
under  the  microscope  without  difficulty.  Occasionally,  how- 
ever, the  preparations  are  extremely  fine-grained  and  require 
repeated  examination  before  the  minute  details  of  each  sub- 
stance in  the  product  are  fully  appreciated.  In  actual  practice, 
experience  has  shown  that  the  best  results  can  be  obtained  by 
examining  the  preparations  in  powdered  form  rather  than  in 
thin  sections  cut  from  larger  fragments.  The  chief  advantage 
of  thin  sections  over  the  powdered  material  is  a  textural  one, 
since  by  breaking  any  given  preparation  into  small  particles 
its  original  texture  is  practically  destroyed.  Although  prob- 
lems of  textural  differences  in  artificial  products  are  not  to  be 
disregarded,  actual  determinations  can  best  be  made  with  the 
powder,  since  with  it  the  crystallites  can  usually  be  examined 
separately  and  the  optical  phenomena  of  a  single  individual 
observed  rather  than  those  of  an  aggregate  oi  overlapping 
and  interlacing  crystals,  as  is  often  the  case  in  slides  ;  further- 
more, by  embedding  the  fine  grains  in  a  viscous  liquid,  such 
as  Canada  balsam,  they  can  be  rolled  about  in  the  liquid  and 
their  optic  properties  in  any  desired  direction  ascertained  ;  the 
refractive  indices  of  a  substance  can  also  be  determined  directly 
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on  powdered  particles  by  Schroeder  van  der  Kolk's  method  of 
refractive  liquids  and  numerical  constants  thus  obtained  on 
grains  measuring  even  less  than  -OOl"'"*  in  linear  dimensions. 

Optically,  four  different  compounds  were  recognized  in  the 
lime  silica  series;  three  of  these  appeared  in  different  poly- 
morphic modifications  according  to  tlie  conditions  of  forma- 
tion. Pure  silica  crystallized  either  as  quartz  or  tridymite ; 
calcium  metasilicate  (CaSiO,)  either  as  woliastonite*  or  pseudo- 
wollastonite ;  calcium  orthosilicate  (Ca,SiOJ  in  three  forms,  a, 
13,  and  7 ;  and  calcium  oxide  only  in  one  form,  so  far  as 
known.  The  experiments  indicate  that  for  each  compound 
the  different  modifications  bear  enantiotropic  relations  to  one 
another. 

Calcium  oxide, — Well-developed  crystals  of  this  substance 
are  rare  and  were  observed  only  in  preparations  from  large 
melts  in  the  furnace.  In  intermediate  mixtures  between  the 
oxide  and  the  orthosilicate  it  occurs  usually  as  small  rounded 
colorless  grains  which  are  easily  recognized  under  the  micro- 
scope by  their  high  refractive  index  and  isotropism.  The 
crystals  are  colorless  to  pale  yellow,  transparent,  and  crystal- 
lize in  unmodified  cubes  01  the  isometric  system.  Their 
hardness  is  between  3  and  4.  Attempts  were  made  to  etch 
these  crystals  by  immersing  them  in  water,  but  the  etch  fig- 
ures obtained  were  not  sufficiently  distinct  to  be  of  value. 
They  pass  rapidly  into  Aetzhiigel  which  cover  the  entire 
etched  face.  The  crystals  cleave  perfectly  after  the  cube 
(100).  Their  refractive  index,  1'82,  was  determined  by  im- 
mersing fragments  in  a  high  refractive  liquid  solution  of 
arsenic  sulphide  in  arsenic  bromide.  Owing  to  rapid  superficial 
decomposition,  the  crystals  soon  became  coated  with  a  thin 
crust  which  tends  to  (decrease  the  accuracy  of  this  determina- 
tion of  the  refractive  index.  Optical  anomalies  were  observed 
occasionally,  and  were  due  probably  to  internal  strains.  On 
exposure  to  air  and  moisture,  the  crystals  slowly  become 
hydrated  and  disintegrate. 

The  orthosilicate, — The  microscopic  examination  of  the 
various  preparations  of  this  compound  revealed  the  existence 
of  three  distinct  forms,  a,  )8,  and  7,  which  are  stable  over 
different  temperature  ranges.  The  optical  properties  of  the 
a  and  ^  forms  are  similar  and  tbeir  microscopic  discrimina- 
tion is  a  difficult  problem,  while  the  7-form,  which  is  stable 
for  emperatures  below  675°,  differs  considerably  from  the  a 
and      forms  and  can  be  recojjnized  with  ease. 

(a)  The  a  form  is  stable  only  at  temperatures  above  1410® 
and  on  cooling  has  a  strong  tendency  to  invert  to  the  P  and  7 
forms.     It   was   found   by  experiment   that   if   chilled    very 

♦  Compare  this  Journal,  xxi,  89-108,  1906. 
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rapidly,  this  change  could  be  checked,  in  part  at  least,  for  a 
considerable  period  of  time.  The  a-form  belongs  either  to 
the  monoclinic  or  triclinic  crystal  system,  probably  the  former, 
and  shows  prismatic  developtoent,  with  good  cleavage  after  a 
face  in  that  zone.  The  crystals  are  transparent  and  colorless 
and  occur  as  fine  aggregates  so  intricately  intergrown  that  the 
precise  determination  of  their  optic  properties  is  practically 
impossible.  Twinning  is  a  characteristic  feature  of  this  form, 
ana  is  often  extremely  complicated.  Different  sets  of  the 
twinning  lamellae  cut  each  other  at  various  angles  and  the 
sections  then  resemble  plates  of  microcline  or  leucite.  Extinc- 
tion angles  measured  along  the  prism  axis  were  noted  as  high 
as  c  :  a  =  18°,  although  smaller  angles  appear  more  frequently. 
The  hardness  is  between  5  and  6.  The  refractive  indices  were 
measured  by  the  method  of  refractive  liquids:  a=l'714±*003; 
fi  =  l-720zf004  ;  7  =  l-737±-003.  Birefringence  about  -02. 
The  optical  character  is  positive ;  2  V  =  81° ;  2E  >  180°.  This 
optic  axial  angle  was  measured  on  a  section  nearly  perpendicu- 
lar to  an  optic  axis  by  the  graphical  method  recently  described 
by  Becke.*  The  method  is  founded  on  the  difference  in  cur- 
vature of  the  dark  hyperbolic  bar  which  passes  througli  the 
optic  axis,  for  different  axial  angles  in  the  diagonal  position. 
In  place  of  the  revolving  drawing  table  of  Becke,  a  different 
type  of  instrument  which  can  be  clamped  directly  to  the 
microscope  was  used  in  this  laboratory  with  satisfactory  results. 
This  method  is  only  an  approximate  one  and  the  figures 
obtained  by  its  use  may  vary  considerably  from  the  actual 
values,  a  condition  recognized  by  Becke  himself  in  the  origi- 
nal paper.  The  plane  of  the  optic  axes  is  about  parallel  to 
the  direction  of  elongation  of  the  crystals. 

(b)  The  crystallites  of  the  ^form  are  stable  between  675° 
and  1410°;  they  are  also  prismatic  in  shape  and  show  good 
cleavage  parallel  to  the  prism  axis.  They  are  colorless  and 
transparent,  and  are  orthorhombic  in  crystal  system.  Their 
hardness  and  density  could  not  be  determined  directly,  as  this 
form,  at  low  temperatures,  inverts  rapidly  to  the  7-form  and 
can  furthermore  be  obtaiiied  only  in  powdered  condition. 
The  least  ellipsoidal  axis  c  is  parallel  to  the  c  crystallographic 
axis  and  the  plane  of  optic  axes  lies  in  the  direction  of  elonga- 
tion of  the  crystals.  The  optic  axial  angle  is  very  large. 
The  refractive  indices,  a  =  l-722if003  and  7  =  l-733zfc-003, 
were  determined  by  the  method  of  refractive  liquids.  The 
birefringence  is  not  strong,  about  -01.  The  )8-form  is  distin- 
guished from  the  preceding  aform  most  readily  by  the 
absence  of  twinning  and  by  its  parallel  extinction.     The  pro- 

*  F.  Becke,  Tscherm.  Min.  u.  pet.  Mitth.  xxiv,  1905. 
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fressive  paramorphic  change  of  this  form  into  the  7-forni  can 
e  followed  under  the  microscope  and  is  interesting  to  watch. 
Shortly  after  cooling,  irregular, interference  colors  appear,  as 
though  induced  by  mternal  strains,  and  soon  the  mass  resem- 
bles a  crystalline  aggregate  of  minute  fibers.  Toward  the  end 
of  the  process,  the  larger  masses  usually  disintegrate  as  fine 
powder  owing  to  the  enormous  increase  in  volume  (about  10 
per  cent)  during  the  inversion. 

(c)  The  ^'form  is  stable  at  low  temperatures  and  into  it  the 
preceding  fonns  usually  pass  on  cooling  to  ordinary  tempera- 
tures. It  is  noteworthy'  that  the  properties  of  this  form  are 
unlike  those  of  the  above,  particularly  in  specific  gravity  and 
refractive  index.  The  density  of  the  a  and  ^  forms  is  about 
3'27,  while  that  of  the  a-form  is  only  2*97.  As  a  result,  on 
paramorphic  change  in  the  solid  state  a  great  increase  in  vol- 
ume takes  place  which  at  once  shatters  the  larger  fragments 
of  the  original  material  and  causes  the  preparation  to  ''  dust." 
The  7-form  can  be  had,  therefore,  only  in  the  form  of  powder. 
It  is  prismatic  in  habit,  cleaves  well  parallel  to  the  long  direc- 
tion, is  colorless  and  transparent,  and  occasionally  shows 
indications  of  twinning  with  small  extinction  angles;  c:  c  =  3° 
was  measured  in  one  instance.  The  form  is  probably,  there- 
fore, monoclinic  in  system.  The  twinning  is  recognized  only 
rarely,  and  the  extinction  usually  appears  parallel.  The 
refractive  indices  were  determined  by  the  method  of  refrac- 
tive liquids:  a  =  l-640zfO03,  /3=l-645dz-003,  7=l-654zf003. 
The  birefringence  is  weak,  about  '014;  biaxial  with  an  optic 
axial  angle  in  air  2E=52°,  measured  by  the  graphical  method 
of  Becke  on  a  section  nearly  normal  to  an  optic  axis ;  optical 
character  negative ;  plane  of  optic  axes  perpendicular  to  the 
prism  axis  in  contradistinction  to  the  a  and  /3  forms.  Com- 
pared with  the  a  and  ^  forms  this  form  is  readily  distinguished 
by  its  lower  refractive  index,  its  optical  character,  optic 
axial  angle,  and  position  of  the  plane  of  optic  axes  to  the 
prism  axis. 

The  metasilicate  occurs  in  two  enantiotropic  modifications, 
one  of  which  corresponds  to  the  mineral  wollastonite.  The 
second  form  has  been  called  pseudo-wollastonite,  and  is  stable 
above  1200°.  Both  these  forms  have  been  discussed  so  thor- 
oughly in  a  preceding  paper*  that  repetition  here  is  unneces- 
sary. The  properties  of  the  artificial  wollastonite  counterpart 
those  of  the  mineral,  while  the  pseudo-wollastonite  is  pseudo- 
hexagonal,  probably  monoclinic  in  crystal  system.  It  is  opti- 
cally positive  and  nearly  uniaxial ;  its  refractive  indices,  a  = 

*Loc.  cit. 
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1*615  7=1'636;  its  birefringence  is  strong  and  considerably 
higher  than  in  woUastonite. 

SUican  dioxide. — In  nature  this  oxide  occurs  in  at  least 
two  modifications,  quartz  and  tridymite,  both  of  which  were 
produced  artificially  in  this  laboratory.  As  a  result  of  the 
experiments,  the  fact  is  well  established  that  quartz  is  the 
stable  form  below  about  800°  and  tridymite  over  the  range 
800°  to  the  melting  temperature  1600° ;  that,  on  heating,  tne 
inversion  of  quartz  into  tridymite  is  so  extremely  sluggish 
that  quartz  crystals  may  be  heated  700°  or  800°  above  the 
inversion  point  without  changing.  Quartz  glass,  however,  can 
be  made  to  crystallize  to  tridymite  as  low  as  1000°. 

The  microscopic  examination  of  the  different  artificial  prep- 
arations of  tridymite  and  quartz  proved  satisfactorily  their 
identity  with  the  natural  minerals.  By  using  the  method  of 
refractive  liquids  it  was  found  possible  to  discriminate 
between  quartz,  tridymite  and  amorphous  quartz  with  ease, 
even  though  many  of  the  preparations  were  cryptocrystalline 
and  scarcely  determinable  by  other  ordinary  methods.  The 
refractive  index  of  amorphous  quartz,  obtained  by  precipita- 
ting silica  from  solution,  was  measured  by  the  immersion 
method  at  l'459zfc'003;  later  the  same  constant  was  determined 
more  accurately  on  a  polished  face  of  quartz  glass*  on  an 
Abbe  total  refractometer  in  sodium  light  with  the  result,  1*460. 
'  (a)  Quartz. — The  best  crystals  of  quartz  were  obtained  as 
a  byproduct  from  a  mixture  of  magnesium-ammonium  chlor- 
ide, sodium  metasilicate  and  water  heated  for  3  days  in  a  steel 
bomb  at  400-450°.  This  mixture  was  used  by  Dr.  E.  T.  Allen 
of  this  laboratory  to  synthesize  one  of  the  polymorphic  forms 
of  magnesium  metasilicate  and  to  procure  measurable  crystals 
of  the  same.  The  quartz  crystals  thus  procured  were  color- 
less, water  clear,  doubly  terminated  and  well  developed  crys- 
tallographically.  The  larger  crystals  attained  a  maximum 
length  of  2°"",  but  were  usually  coated  with  a  thin  film  of 
foreign  matter  and  were  less  suited  to  goniometric  measure- 
ment than  smaller  ones.  The  crystals  are  often  barrel-shaped 
with  short  rhombohedral  terminal  faces  which  pass  by  oscilla- 
tory development  into  steeper  rhombohedrons  and  finally  into 
the  prism  which  shows  the  chai'acteristic  striae  of  the  mineral 
quartz.  In 'a  few  of  the  crj^stals,  the  positive  rhombohedron 
only  was  developed  and  the  crystals  were  terminated  by  its 
three  faces  above.  Several  crystals  were  measured  on  the 
two-circled  goniometer  and  the  forms  (lOlO)  (1020)  (lOll) 
observed.  Other  forms  were  noted  but  gave  indistinct  and 
multiple  reflection  signals  and  are  not  listed  in  consequence. 

*  Obtained  by  fusing  qnartz  in  the  electric  fnmace  under  pressure. 
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The  angle  between  the  prism  faces  and  the  rhombohedrons 
(lOlO  :  lOll)  measured  37°  48'  and  diflFers  appreciably  from 
that  of  pure  quartz,  which  is  given  by  Dana,  38°  13'.  The 
three  rhombohedron  faces  from  which  this  angle  was  obtained 
gave  perfectly  sharp  reflection  signals,  and  althougli  the  obser- 
vations on  the  goniometer  were  made  with  the  reducing  attach- 
ment, the  difference  no  doubt  exists  and  is  due  probably  to  a 
solid  solution  of  quartz  with  some  other  ingredient  of  the 
original  mixture.  The  hardness  of  the  crystals  is  7;  their 
specific  gmvity,  2*650  determined  in  Thoulet  solution,  and 
tneir  refractive  indices  e  =  l*654rb'002,  to  o)  =  l"644ii"002; 
measured  by  the  method  of  refractive  liquids,  their  birefring- 
ence is  about  '01.  The  crystals  are  unaxial  and  optically  posi- 
tive, and  extinguish  parallel  to  the  prism  edge,  which  was 
found  to  be  the  direction  of  the  least  ellipsoidal  axis  c. 

Quartz  could  not  be  produced  by  direct  crystallization  from 
silica  glass,  since  at  low  temperatures  at  which  it  is  stable  the 
viscosity  of  the  glass  is  too  great  to  allow  sufficient  molecular 
mobility  for  the  rearrangement.  Fluxes  or  solutions  were 
therefore  used  to  increase  this  mobility,  and  with  satisfactory 
results.  Quartz  crystallites  were  formed  at  temperatures 
below  760°  and  tridymite  above  that  point  in  the  same  flux. 

The  chief  effect  of  such  crystallizing  fluxes  or  crystallizers 
seems  to  be  that  they  tend  to  increase  the  molecular  mobility 
of  the  crystallizing  material  and  thus  procure  greater  freedom 
and  power  for  crystallization.  In  many  experiments  per- 
formed in  this  laboratory  it  has  been  noted  that  crystals 
obtained  directly  from  silicate  melts  are  usually  minute  and 
ill-formed  ;  while  the  addition  of  a  few  per  cent  of  a  second 
substance  improves  both  size  and  quality  of  the  crystals  to  a 
remarkable  degree,  even  though  the  added  substance  may 
solidify  as  glass  and  enter  apparently  in  no  wise  into  the  com- 
position of  the  crystals. 

(b)  Tridymite, — In  the  experiments,  well  developed  cr^'s- 
tals  of  tridymite  of  sufficient  size  for  goniometric  measure- 
ments were  not  obtained,  and  optical  properties  alone  were 
relied  upon  for  its  identification.  The  refractive  index  7  was 
meJisured  l-485±'008  on  one  preparation  and  1*483 ±'003  on 
a  second  by  the  method  of  refractive  liquids.  These  values 
are  slightly  higher  than  that  given  for  natural  tridymite, 
which  is  1*478.  No  reason  has  yet  been  suggested  to  explain 
this  discrepancy.  The  birefringence  is  extremely  low,  appar- 
ently not  over  *002.  The  crystallites  are  biaxial  witn  an 
optical  axial  angle  so  large  and  indistinct  that  the  optical  char- 
acter could  not  be  determined  satisfactorily.  In  some  of  the 
crystals  an  elongation  in  a  direction  diagonal  to  the  positions 
of  extinction  was  noticeable.     The  best  preparations  of  tridy- 
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mite  were  obtained  by  allowing  large  melts  of  quartz  glass  to 
cool  slowly.  On  the  surface  of  these  melts  radial  spherulites 
of  tridymite  frequently  formed  and  in  one  instance  boated  the 
entire  charge  with  a  film  1™™  thick  of  crystalline  material. 
The  preparations,  however,  were  without  exception  fine- 
grained and  so  intricately  intergrown  and  affected  by  optical 
anomalies  that  the  exact  determination  of  its  optical  constants  is 
not  possible.  The  same  conditions  obtain  in  tne  mineral  tridy- 
mite and  appear  to  be  characteristic  of  this  phase  of  silicon 
dioxide. 

Intermediate  mixtures. — The  preparations  from  mixtures 
between  pure  silica  and  wolla^tonite  varied  greatly  in  texture 
and,  with  the  exception  of  those  mixtures  which  approached 
the  tnetasilicate  in  composition,  were  found  to  be  inhomogene- 
ous  and  to  consist  of  tridymite  and  one  of  the  forms  of  the 
metasilicate.  In  products  with  less  than  37  per  cent  of  cal- 
cium oxide, — the  eutectic  composition  of  silica  and  calcium 
metasilicate — crystallites  of  tridymite  were  observed,  often 
arranged  in  systems  of  lines  intersecting  at  90°,  60°  and  less 
angles  or  in  rosettes  and  radial  spherulites.  Tlie  rosettes  are 
finer  grained  than  the  crystallites  and  frequently  appear  as 
mere  dust  particles.  The  metasilicate  is  also  nue-grained, 
without  crystal  outline,  and  includes  the  larger  phenocrysts  of 
tridymite.  It  can  be  distinguished  from  the  latter  most  read- 
ily by  its  higher  refractive  index  and  stronger  birefringence. 
The  eutectic  itself  is  extremely  fine-grained  and  tridymite 
occurs  then  only  in  minute  dust-like  particles  without  discern- 
ible crystal  outline. 

Preparations  ranging  in  composition  between  the  eutectic 
and  tne  metasilicate  contain  large,  clear,  lath-shaped  crystal- 
lites of  the  metasilicate,  often  in  parallel  orientation  and  inter- 
rupted by  a  finely  crystalline,  less  clear  mixture  of  tridymite 
and  the  metasilicate.  The  optical  properties  of  the  metasili- 
cate in  these  intermediate  products  differ  slightly  from  those  of 
the  pure  mineral,  a  condition  which  is  due  undoubtedly  to  the 
presence  of  silicon  dioxide  taken  up  in  solid  solution  by  the 
metasilicate.  In  these  products  the  form  equivalent  to  the 
mineral  wollastonite  was  found  to  differ  from  true  wollastonite 
chiefly  in  its  lower  refractive  index  and  smaller  optic  axial 
angle;  o  measured  in  one  instance  1'485  instead  of  1*521,  the 
a  of  pure  wollastonite.  The  smallest  value  for  the  optic  axial 
angle  in  air  was  found  to  be  about  30°  in  air  in  place  of  the 
70°  of  pure  wollastonite. 

The  second  form  of  the  metasilicate  corresponding  to 
pseudo-wollastonite  showed  similar  variations ;  its  refractive 
indices  were  also  lower,  a  =  1-490  having  been  measured  in 
one  instance,  a  value  '025  lower  than  a  for  pure  pseudo-wol- 
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lastonite.  The  optic  axial  angle  was  found  to  increase  and 
reached  a  maximum  of  about  25°  in  air,  whereas  pure  pseudo- 
wollastonite  is  nearly  uniaxial.  In  many  of  the  preparations 
hexagonal  outlines  of  this  phase  are  noticeable,  and  two  sets 
of  imperfect  cleavage  lines  intersecting  at  an  angle  of  120° 
can  then  be  seen  on  sections  normal  to  tlie  acute  positive  bisec- 
trix. Mixtures  containing  over  45  per  cent  of  calcium  oxide 
appear  homogeneous,  and  the  crystals  from  the  preparations 
show  a  continuous  variation  in  their  optic  properties  irom  that 
point  on  as  the  composition  of  the  metasilicate  is  approached. 
The  microscopic  study  of  the  preparations  ranging  in  com- 
position between  calcium  metasilicate  and  calcium  orthosilicate 
showed  that  the  metasilicate  is  capable  of  absorbing  a  consid- 
erable amount  of  the  orthosilicate  and  still  appear  homogene- 
ous, the  resultant  crystals  expressing  the  fact  of  solid  solution 
by  the  change  in  their  optic  properties.  The  limit  of  homo- 
geneity of  the  mass  appeared  to  be  reached  at  about  50  per 
cent  lime  and  in  crystals  from  fusions  of  that  composition  the 
refractive  index  a  was  found  to  have  increased  from  1*615  of 
pure  pseudo-wollastonite  to  about  1*630  ;  the  optic  axial  angle 
was  also  larger  (2  E  about  20°-30°) ;  the  plane  of  optic  axes 
was  normal  to  a  direction  of  cleavage  in  contrast  to  its  position 
in  crystals  of  solid  solutions  of  the  metasilicate  and  silica  in 
which  the  plane  of  optic  axes  was  observed  parallel  to  the 
direction  of  cleavage.  In  the  50  per  cent  preparations,  twin- 
ning lamellae  with  small  extinction  angles  can  often  be  seen 
on  sections  normal  to  the  acute  positive  bisectrix,  thus  demon- 
strating their  monoclinic  or  triclinic  nature,  notwithstanding 
the  hexagonal  outline  of  the  basal  section  and  systems  of 
cleavage  lines  intersecting  at  angles  of  about  120°. 

In  products  containing  a  little  more  than  50  per  cent  of  cal- 
cium oxide  the  fine-grained  eutectic  begins  to  appear  in  small 
f latches  between  the  crystallites  of  the  metasilicate.  Fusions 
rom  mixtures  of  about  55  per  cent  lime  and  45  per  cent  silica 
are  usually  fine-grained,  and  differences  in  size  between  crystals 
of  the  meta-  and  orthosilicate  are  less  apparent. 

Preparations  with  more  than  55  per  cent  lime  ordinarily 
disintegrate  to  fine  powder  on  cooling,  due  to  the  great 
increase  in  volume  of  the  orthosilicate  on  inverting  to  tne  7- 
form  at  low  temperatures.  Studies  in  texture  could  not  there- 
fore be  made  in  the  loose  powder,  and  evidences  of  solid  solu- 
tion near  the  orthosilicate  were  sought  for  by  means  of  optical 
constants  alone.  The  refractive  indices  of  the  minute  crystal- 
lites from  the  products  approaching  the  orthosilicate  in  com- 
position were  not  observed  to  differ  appreciably  from  those  of 
the  orthosilicate. 
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.  The  products  whose  composition  extended  from  the  ortho- 
silicate  to  pure  lime  were  not  homogeneous  and  contained  both 
end  members  in  variable  amounts.  If  quenched  quickly,  the 
melts  consisted  of  line  grains  of  the  high  refracting  calcium 
oxide  and  the  a-form  of  the  orthosilicate ;  if  allowed  to  cool 
slowly,  the  a-form  inverted  ordinarily  to  the  7-form  with 
attendant  shattering  or  "  dusting  "  of  the  product. 

Thermal  evidence  showed  that  the  eutectic  for  the  orthosili- 
cate and  calcium  oxide  is  very  close  in  composition  to  that 
of  the  orthosilicate.  Preparations  of  this  composition  were 
examined  under  the  microscope  but  no  definite  eutectic  struc- 
ture was  observed.  In  such  cases  thermal  evidence  alone 
must  be  relied  upon  to  determine  the  eutectic  point,  as  the 
optical  data  are  entirely  inadequate. 

Summary. — There  are  only  two  definite  compounds  of  lime 
and  silica  capable  of  existing  in  contact  with  the  melt.  They 
are  : 

(1).  The  pseudo-hexagonal  metasilieate  melting  at  1512°  and 
inverting  into  woUastonite  at  about  1200°.  The  metasilieate 
is  able  to  take  up  a  small  amount  of  either  lime  or  silica  in 
solid  solution. 

(2).  The  orthosilicate  of  calcium,  which  melts  at  2080°  and 
possesses  three  polymorphic  forms : 

The  a-form,  which  crystallizes  in  the 'monoclinic  system,  has 
a  density  of  3*27  and  a  hardness  of  between  5  and  6. 

The  p-modification  crystallizes  in  the  orthorhombic  system 
and  has  a  density  of  3'2S. 

The  7-modification  has  a  density  of  2*97,  and  also  crystal- 
lizes in  the  monoclinic  system.  Tlie  disintegration  or  "  dust- 
ing "  of  the  orthosilicate  and  of  all  lime-silica  mixtures  above 
51  per  cent  lime  is  due  to  the  10  per  cent  volume-change 
accompanying  the  ^  ^    ^  y  inversion. 

The  inversion  point  a  to  ^  occurs  at  1410°,  ^  to  7  at  675°. 

There  are  three  eutectics  in  the  series: — tridymite-f the 
metasilieate  at  37  per  cent  CaO,  1417°  ;  the  metasilieate 4- 
orthosilicate  at  54  per  cent  of  lime,  1430°  ;  and  orthosilicate 4- 
lime  at  67i  per  cent  of  lime,  2015°. 

The  orthosilicate  is  readily  attacked  by  water,  which  dis- 
solves out  the  lime  in  large  quantities.  This  is  probably  the 
reason  why  it  is  not  found  as  a  natural  mineral. 

The  density  of  fused  CaO  is  3'32 ;  its  hardness  3-h.  It 
fuses  in  the  electric  arc  but  its  fusion  temperature  is  not  accu- 
rately measurable.  Lime  crystallizes  in  the  isometric  system 
and  possesses  no  polymorphic  form.s. 

Silica  begins  to  melt  at  about  1600°  to  an  extremely  viscous 
liquid,  so  that  an  exact  melting  point  cannot  be  determined. 
It  has  been  shown  that  for  all  temperatures  above  1000°  pure 
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quartz  changes  into  tridymite,  and  pure  quartz  glass  crystal- 
lizes as  tridymite  ;  so  that  above  this  temperature  tridymHe  is 
unquestionably  the  stable  phase.  In  the  presence  of  fused 
chlorides  silica  crystallizes  as  quartz  at  temperatures  up  to  760^ 
and  as  tridymite  above  800° ;  crystalline  quartz  inverts  to  tridy- 
mite above  800°  and  tridymite  goes  back  to  quartz  at  750°. 
The  inversion  temperature  is  therefore  about  800°  and  the 
change  is  enantiotropic.  The  density  of  artificial  tridymite 
was  found  to  be  2*318,  and  that  of  quartz  glass  2*213.  The 
pure  natural  quartz  used  had  a  density  of  2*654,  the  artificial 
crystals,  2*650. 

Neither  the  salt  of  the  trisilicic  acid,  Ca,Si,0„  the  Skerman- 
ite  analogue,  4CaO,3SiO„  nor  the  tricalcic  silicate,  3CaOSiO„ 
can  exist  in  the  two-component  system. 

The  optical  evidence  gained  by  the  microscopic  study  of 
the  crystallized  products  of  mixtures  of  silicon  dioxide  and 
calcium  oxide  in  variable  proportions  confirms  the  pyrometric 
measurements  in  the  following  particulars:  (1)  That  silica, 
calcium  metasilicate,  calcium  orthosilicate  and  calcium  oxide 
are  the  only  compounds  in  the  series ;  (2)  that  two  diflFerent 
modifications  of  silica  exist  and  correspond  in  their  properties 
to  the  minerals  quartz  and  tridymite ;  that  the  metasilicate 
crystallizes  in  two  enantiotropic  varieties,  one  of  which  is 
identical  with  the  mineral  wollastonite  in  its  characteristics ; 
that  three  enantiotropic  phases  of  the  orthosilicate  exist  and 
are  stable  at  different  temperatures;  (3)  that  the  metasilicate 
forms  solid  solutions  both  with  silicon  dioxide  and  with  ortho- 
silicate over  limited  ranges. 

The  experience  gained  in  the  course  of  the  examination  of 
these  and  other  laboratory  preparations  indicates  that  the  best 
results  can  be  obtained  by  observing  them  in  powdered  form 
and  immersed  in  liquids  of  different  refractive  indices  and 
not  in  thin  sections  embedded  in  Canada  balsam.  In  a  liquid 
whose  refractive  index  is  equal  to  that  of  one  of  the  com- 
ponent substances  of  the  product,  the  differences  in  homo- 
geneity in  the  product  are  more  readily  discerned  than  in  a 
tliin  section,  and  at  the  same  time  one  of  the  optical  constants 
of  the  substance  is  ascertained. 

Geophysical  Laboratory, 
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Abt.  XXVII. — Analysis  of  ^^Iron  Shale  ^^  from  Coon  Moun- 
tain, Arizona  /  by  Oliver  C  Farrington. 

In  the  account  recently  published  by  Messrs.  Barringer  and 
Tilghman*  of  their  investigations  at  Coon  Mountain,  Arizona, 
they  call  attention  to  a  magnetic  oxide  of  iron,  locally  known 
as  "  iron  shale,"  which  they  state  occurs  in  considerable  quan- 
tity upon  the  mountain.  The  distribution  of  the  shale  is 
stated  to  be  around  the  rim  of  the  "  crater,"  especially  on  and 
in  its  northern  portion  and  near  by  on  the  plain.  In  the  form 
of  minute  particles,  either  as  fragments  or  as  spherules,  it  is 
also  said  to  occur  over  the  surface  of  the  surrounding  country 
concentrically  around  the  crater  for  perhaps  several  miles. 
Beneath  the  surface  large  fragments  are  found,  at  varying 
depths,  the  greatest  depth  noted  being  twenty-seven  feet. 
The  pieces  reported  by  these  authors  varied  from  one  to  thirty 
pounds  in  weight.  No  quantitative  analysis  of  the  shale  is 
given,  but  qualitatively  it  is  said  that  all  the  specimens 
examined  contained  nickel  to  the  same  extent,  proportionally 
speaking,  as  in  the  Canyon  Diablo  meteoric  iron.  It  is  also 
stated  that  within  the  larger  pieces  may  be  seen  green  hydrox- 
ide of  nickel,  while  in  the  very  minute  pieces  of  shale  the 
nickel  has  leached  out  to  a  greater  or  lesser  extent.  Occurring 
with  the  shale  and  believed  hy  these  authors  to  be  related  to 
it,  are  so-called  *' shale  balls,"  which  are  described  as  roughly 
globular  to  oval  in  shape,  the  outside  having  been  converted 
into  hydrated  oxide  oi  iron,  while  the  interior  is  usually 
magnetic  oxide  of  iron.  These  are  said,  when  broken  open, 
to  show  in  nearly  every  instance  the  green  hydroxide  of 
nickel.  In  some  cases  these  shale  balls  are  said  to  contain  a 
solid  iron  center.  As  the  magnetic  oxide  which  surrounds 
this  center  usually  presents  a  more  or  less  laminated  appear- 
ance, it  is  assumed  that  the  so-called  iron  shale  found  on  the 
surface,  as  seen  on  a  slightly  curved  piece,  has  resulted  from 
the  alteration  of  the  shale  balls.  It  is  also  stated  that  the 
pieces  of  laminated  oxide  are  often  grouped,  as  if  a  shale  ball 
or  piece  of  meteoric  iron  which  was  once  covered  by  a  mag- 
netic oxide  of  iron  had  fallen  on  the  spot  and  the  magnetic 
oxide  of  iron  had  been  disintegrated  by  the  fall,  or  afterward 
by  atmospheric  agencies.  These  authors  apparently  consider 
tneir  mention  of  this  material  the  first  which  has  been  pub- 
lished, but  in  Foote's  account  of  the  Canyon  Diablo  meteor- 
itesf  mention  is  made  of  material  which  is  probably  of  the 

♦Proc.  Phila.  Acad.  Nat.  Sci.,  vol.  Ini,  pp.  861-914,  1905 ;  this  Journal, 
June,  1906,  p.  402. 
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same  nature.  Foote  states  that  accompanying  the  pieces 
found  at  the  base  of  the  crater  were  oxidized  and  sulphurated 
fragments  which  were  shown  by  a  preliminary  examination  to 
be  undoubtedly  of  meteoric  origin.  Foote  secured  about  200 
poun(ls  of  this  material,  varying  from  minute  particles  up  to 

Sieces  weighing  3  pounds  14  ounces.  These  fragments  are 
escribed  as  mostly  quite  angular  in  character,  and  a  few  as 
showing  a  greenish  constituent  "  resulting  probably  from  oxida- 
tion of  the  nickel."  The  oxidized  material  Foote  states  to  be 
identical  in  appearance  to  an  incrustation  which  covers  some  of 
the  iron  masses  and  partially  fills  some  of  the  pits.  In  Koe- 
nig's  chemical  examination  published  in  the  same  paper  he 
states  that  "  tlie  iron  is  associated  with  a  black  hydroxide  con- 
taining Fe,  Ni,  Co  and  P  in  the  ratio  of  the  metallic  part  and 
therefore  presumably  derived  by  a  process  of  oxidation  and 
hydration  of  the  latter."  Foote  evidently  regarded  the  oxida- 
tion of  this  material  as  having  taken  place  during  the  fall  of 
the  meteorite,  as  he  states  that  "  the  remarkable  quantitv  of 
oxidized  black  fragmental  -material  that  was  found  at  tfiose 
points  where  the  greatest  number  of  small  fragments  of  mete- 
oric iron  were  found,  would  seem  to  indicate  that  an  extra- 
ordinarily large  mass  of  probably  500  or  600  pounds  had 
become  oxidized  while  passing  through  the  air  and  so 
weakened  in  its  internal  structure  that  it  burst  into  pieces  not 
long  before  reaching  the  earth."  Barringer's  view  of  the 
magnetic  oxide  seems  to  accord  with  this.* 

In  Derby's  account  of  tlie  constituents  of  the  Canyon  Diablo 
meteoritef  reference  is  also  made  to  what  is  undoubtedly  this 
same  material.     Derby's  statement  is  as  follows : 

"  I  was  also  shown  in  Washington  schistose  masses  of  iron 
oxide  found  in  the  same  region,  whose  connection  with  the 
meteorite  was  considered  doubtful.  These  closelv  resemble 
the  thicker  masses  of  rust  crust  formed  on  the  Bendego  mete- 
orite and  like  it,  as  is  well  seen  in  sections  prepared  by  Mr. 
Diller,  show  minute  particles  witli  a  metallic  luster  which 
were  almost  certainly  grains  of  sehreibersite,  as  that  mineral 
has  been  separated  from  the  rust  crust  of  both  Bendego  and 
Sfio  Francisco  do  Sul.  In  view  of  its  occurrence  it  can 
hardly  be  doubted  that  these  Canyon  Diablo  specimens  are 
due  to  secondary  alteration  of  the  meteorite.  As  the  iron 
masses  in  general  have  a  thin  rust  crust,  indicating  consider- 
able resistance  to  oxidation,  it  may  be  suggested  that  these 
thicker  masses  of  oxide  may  perhaps  come  from  original 
pyrite  as  in  the  case  of  Sao  Francisco  do  Sul." 

It  is  thus  seen  that  this  material  has  been  observed  by  pre- 
vious investigators,  but  no  detailed  examination  of  it  seems  as 

*0p.  cit.  p.  882. 
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jet  to  have  been  published.  As  it  seems  desirable  to  throw  as 
mach  light  as-  possible  on  the  remarkable  character  of  the 
formation  of  Coon  Mountain,  the  writer  deemed  it  advisable 
to  determine  -what  information  miffht  be  gained  from  a  quanti- 
tative analysis.  Specimens  of  what  seemed  to  be  the  same 
material  as  that  described  by  Messrs.  Barringer  and  Tilghman 
were  already  in  the  Field  Museum  collections,  but  in  order  to 
be  certain  to  obtain  the  material  described  by  them,  a  request 
was  made  of  Mr.  Barringer  for  specimens.  These  Mr.  Bar- 
ringer verj'  kindly  furnished,  in  the  shape  of  several  pieces  of 
"  shale  "  weighing  in  all  about  half  a  pound,  as  well  as  one  of 
the  small  "shale  balls."  The  pieces  ot  shale  received  were  of 
flattened  or  elongated  form,  angular,  and  weighing  a  few 
ounces  each.  All  showed  a  quite  uniform  blackish-brown 
color.  On  fresh  fracture  the  color  appears  more  nearly  black, 
and  the  surface  has  a  glossy  appearance.  A  laminated  struc- 
ture characterized  all  tlie  pieces.  The  laminae  of  which  the 
shale  is  made  up  are  more  or  less  intercalated  but  average 
about  one  millimeter  in  thickness.  The  divisions  between 
them  are  made  in  part  by  thin  layers  of  a  brownish-white  sub- 
stance which  effervesces  with  acid  and  is  undoubtedly  the 
aragonite  coating  frequently  observed  on  the  Canyon  Diablo 
siderites  and  described  by  Foote.  These  layers  do  not  affect 
the  appearance  of  the  shale  to  the  naked  eye,  however,  for 
without  a  lens  only  a  uniform  color  and  structure  is  apparent. 
The  shale  is  sufficiently  coherent  also  to  take  a  fair  polish. 
The  "shale  ball"  received  from  Mr.  Barringer  is  in  color  and 
texture  similar  to  the  shale.  Its  lamination  is  however  concen- 
tric rather  than  horizontal.  Its  form  is  ellipsoidal  and  diame- 
ter about  one  inch.  Its  surface  is  broken  by  broad,  irregular 
cracks  extending  nearly  to  the  center.  Both  the  shale  ball  and 
a  piece  of  the  shale  showed  the  same,  specific  gravity,  viz : 
3'73.  The  large  pieces  of  shale  show  sufficient  magnetism 
to  affect  a  compass  needle,  and  small  pieces  are  readily 
attracted  by  a  common  horseshoe  magnet.  The  shale  crushes 
rather  easily  in  a  mortar  to  a  dark  brown  powder.  This 
powder  is  also  quite  magnetic.  Heating  in  a  closed  tube 
causes  considerable  water  to  be  given  off,  showing  that  a 
hydrous  oxide  is  present.  The  material  appeared,  therefore, 
to  be  referable  neither  to  magnetite  nor  to  limonite,  since  it 
was  too  magnetic  for  limonite  and  contained  too  much  water 
for  magnetite.  None  of  the  specimens  showed  the  green 
hydroxide  of  nickel  referred  to  by  Foote  and  Barringer. 
Only  the  powder  which  was  attracted  by  the  magnet  was  used 
for  analysis,  but  this  included  practically  all  of  it.  The 
analysis  by  Mr.  H.  W.  Nichols  gave  the  following  results : 
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The  results  of  this  analysis  confirm  the  statements  of 
Koenig  and  Barringer  that  nickel  and  cobalt  are  to  be  found 
!  in  the  shale  in  the  same  proportion  as  in  the  meteoric  iron, 
i  and  leave  little  doubt  that  the  "  shale  "  is  derived  by  oxidation 
from  the  meteoric  iron.  It  is  obvious  that  the  analysis  may 
be  interpreted  in  several  ways,  since  nmch  uncertainty  exists 
as  to  what  changes  iron  undergoes  in  the  process  of  '•  rusting." 
By  some  it  is  thought  that  a  ferrous  carbonate  is  first  formed 
which  later  alters  to  ferric  hydroxide.  Others  doubt  the  influ- 
ence of  carbonic  acid  and  believe  that  the  oxygen  and  water 
of  the  air  produce  ferrous  oxide  and  hydrogen  peroxide.  By 
the  first  process  it  would  be  expected  that  limonite  alone 
would  be  produced,  while  the  second  might  form  some  magne- 
tite. Examination  under  the  microscope  of  the  finely  pow- 
dered shale  showed  differences  of  color  and  texture  not  observ- 
able to  the  naked  eye.  In  the  small  grains  appeared  alter- 
nations of  black  and  yellow  colorings  and  compact  and  earthy 
textures  which  suggested  associated  magnetite  and  limonite. 
The  analysis  calculated  on  this  basis  gives  fairly  satisfactory 
results.  By  assuming  that  all  the  protoxide  of  iron  and 
nickel  is  present  as  a  constituent  of  magnetite,  and  that  the 
remaining  sesquioxide  and  water  are  present  as  limonite,  the 
different  constituents  can  be  fully  accounted  for.  Such  a  con- 
stitution also  explains  the  magnetic  character  and  color  of  the 
powder.  Calculated  in  this  manner  and  grouping  the  minor 
constituents  according  to  their  apparent  origin,  the  following 
constitution  of  the  shale  is  indicated  : 

Limonite 52*99 

Magnetite    42*39 

Schreibersite 0*64 

Graphite 0*15 

La  wrencite 0*14 

Aragonite 0*80 

Andradite   2*45 

Quartz 0*21 

99-77 
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The  andradite  here  reported  was  not  observed,  but  its  pres- 
ence was  indicated  by  the  percentages  of  lime,  iron  and  silica 
remaining  after  the  deduction  of  the  other  constituents.  That 
it  could  readily  become  mixed  with  the  shale  from  the  sur- 
rounding sands  seems  probable.  The  other  constituents  indi- 
cated are  readily  referable  to  the  accessory  constituents  of  the 
meteorite  and  the  results  of  the  analysis  are  of  interest  as 
showing  what  changes  take  place  in  them.  The  Canyon 
Diablo  meteorites,  as  is  well  known,  contain  as  accessory  con- 
stituents, troilite,  graphite,  cohenite  and  schreibersite.  Of 
sulphur,  representing  troilite,  only  a  trace  was  found.  It 
appears,  therefore,  tliat  sulphates  were  formed  and  leached 
out.  No  phosphorus  was  found  to  be  present  as  phosphates 
and  only  0'64r  per  cent  as  phosphides.  It  thus  appears  that 
while  some  schreibersite  remained,  all  which  had  oxidized  to 
phosphate  had  been  removed.  The  percentage  of  carbon 
found,  0*15  per  cent,  indicated  some  colienite  or  graphite  yet 
remaining.  The  percentage  of  chlorine  found  indicates  the 
presence  of  lawrencite,  to  which,  as  shown  later,  may  be 
ascribed  probably  to  some  extent  the  oxidation  of  the  mete- 
orite. The  percentage  of  nickel  oxide  found  is  somewhat 
higher  than  usually  reported  for  the  Canyon  Diablo  meteorites 
and  suggests  that  a  concentration  of  nickel  oxide  has  taken 

Elace  through  a  greater  solubility  of  the  iron.  It  is  well 
nown  that  taenite,  which  is  the  more  highly  nickeliferous 
constituent  of  nickel-iron,  resists  oxidation  longer  than  kama- 
cite,  and  this  might  tend  to  increase  the  nickel  content  of  the 
oxidized  product.  Whether  the  nickel  oxide  when  formed 
would  be  removed  more  or  less  rapidly  than  the  iron  oxide 
does  not  seem  to  be  known  as  yet  however.  Test  was  made 
for  metallic  iron  and  nickel  in  the  shale  by  treating  the 
powder  with  iodine,  but  practically  no  indications  of  the  pres- 
ence of  these  constituents  were  thus  obtained.  The  shale  also 
when  immersed  in  a  solution  of  copper  sulphate  showed  no 
deposition  of  copper  such  as  would  occur  if  the  above  metals 
were  present.  Undoubtedly  pieces  of  the  shale  in  which 
oxidation  had  been  less  complete  would  show  such  a  content. 
Comparison  of  the  analysis  of  the  shale  with  those  of  rust 
crusts  of  other  meteorites  made  by  other  authoi^s  shows  dif- 
ferences chiefly  in  the  percentage  of  water  found.  Thus 
Pugh,  in  the  crust  of  Toluca,*  Haushofer  in  that  of  Cran- 
bournef  and  Cohen  in  that  of  Beaconsfield:j:  found  an  amount 
of  water  approximating  closely  to  13  per  cent.     This  indicates 

♦Inaug.  Diss.  OOttingen  1856,  pp.  5-14. 
f  Jour.  pr.  Chem.  cvii,  pp.  830-381 ,1860. 
%  Meteoritenkunde,  Heft  ii,  p.  263. 
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an  alteration  of  the  iron  to  limonite.  It  is  not  stated  whether 
these  crusts  were  magnetic  or  not.  The  amount  of  NiO  and 
CoO  found  by  Cohen  in  the  Beaconsfield  crust  was  only  1*68 
per  cent,  and  by  Ilaushofer  in  Cranbourne  3*1  per  cent.  In 
these  cases  a  leachinfi^  of  the  nickel-cobalt  oxides  has  appar- 
ently occurred.  It  is  probable  that  different  climatic  con- 
ditions would  have  considerable  influence  in  affecting  the 
composition  of  such  rust  crusts. 

Explanation  of  the  origin  of  the  laminated  structure  of  the 
shale  is  doubtless  furnished,  as  suggested  by  Bamnger,  by 
the  shale  balls.  Oxidation  and  hydration  proceed  from  the 
surface  inward.  These  changes  cause  an  increase  in  bulk  of 
the  layers  successively  reached  in  the  process,  so  that  they 
separate  slightly  from  the  unchanged  material, beneath,  and 
interstices  are  afforded  through  which  the  oxgyen  and  water 
enter  to  attack  the  metal.  Thus  the  process  is  continuous  and 
depends  only  on  time  and  exposure  for  its  completion.  The 
cracks  in  the  shale  balls  show  that  the  present  superficial  lay- 
ers once  covered  an  interior  which  has  since  increased  in  bulk. 

If  it  be  accepted  that  the  iron  shale  and  shale  balls  are 
oxidation  ])roducts  of  an  ordinary  Canyon  Diablo  siderite,  it 
remains  to  be  determined  why  certain  of  these  siderites  should 
have  so  oxidized  while  others  have  not.  One  reason  is  prob- 
ably to  be  found  in  the  observation  of  Barringer  that  the  iron 
shale  often  occurs  beneath  the  surface,  while  the  meteoric 
irons  are  found  only  at  the  surface.  Those  meteorites  which 
were  covered  more  or  less  by  soil  and  rock  fragments  would 
receive  a  larger  supply  of  water  and  hence  would  suffer  more 
rapid  oxidation  and  hydration  than  those  at  the  surface.  It 
may  also  be  true  that  the  individuals  which  have  decomposed 
to  form  shale  balls  and  shale  contained  more  lawrencite  than 
those  which  have  not.  Barringer  states*  that  ''  the  iron 
centers  of  the  shale  balls  nearly  always  show  a  peculiar  oxida- 
tion of  drops  of  moisture,  often  colored  green,  partly  perhaps 
from  the  presence  of  nickel.  This  exudation.  Dr.  Mallett 
explains  to  me,  is  due  to  the  presence  of  chloride  of  iron." 
It  is  well  known  that  among  the  Toluca  meteorites,  for 
example,  some  individuals  contain  a  considerable  amount  of 
lawrencite  while  others  do  not.  The  former  "sweat"  and 
rapidly  deconi])ose,  even  in  a  museum  case,  while  the  latter 
remain  dry  and  unaltered.  Mr.  Nichols  has  called  my  atten- 
tion to  a  continuous  decomposing  action  probably  exerted  by 
lawrencite  which  has  perhaps  not  been  noted  before  in  this 
connection.  Ferrous  chloride  in  contact  with  air  and  water 
forms  ferric  hvdroxide  and  chloride: 

6  FeCl,  +  30  4  311,0  =  Fe,0  Jl,  4-  4FeCl . 

*  Op.  cit.  p.  882. 
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The  ferric  chloride  is,  however,  reduced  by  contact  with  iron 
to  form  ferrous  chloride  again  : 

4FeCl,  +  2Fe  =  6FeCl, 

so  that  the  process  is  continuous.  In  addition  there  may 
occur  a  formation  of  free  acid  through  hydrolysis  of  ferric 
chloride : 

4FeCl,  +  6H,0  =  Fe,O.H,+6HCl  +  2Fe€l,. 

This  acid  would  obviously  likewise  exert  a  decomposing 
action. 

In  conclusion,  it  may  be  said  that  the  view  of  Foote  and 
Barringer  that  the  oxidation  which  produced  the  ^' shale" 
took  place  during  the  fall  of  the  meteorite,  is  not  that  of  the 
present  writer.  In  the  present  writer's  view  the  oxidation 
occurred  subsequent  to  the  fall  of  the  meteorite,  and  was  so  ' 
gradual  that  the  production  of  the  shale  can  be  explained  only 
by  assuming  that  the  fall  took  place  many  years  ago. 

Field  Maseam,  Chicago,  Jane  15,  1906. 
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Tvhes ;  by  N.  T.  Bacon. 

No  satisfactory  explanation  seems  to  have  been  made  of  the 
phenomena  characterizing  prolonged  discharges  in  a  Crookes 
tube. 

Results  which  have  been  recognized  are  A,  discharge  of 
peculiar  rays  from  the  anode ;  B,  discharge  of  different  pecu- 
liar rays  from  the  cathode ;  C,  gradual  attenuation  of  the  dis- 
charges; D,  recrudescence  of  the  discharges  on  heating  the 
walls  of  the  tube ;  and  E,  coating  of  the  walls  with  platinum 
black. 

The  attempt  has  been  made  to  explain  C  and  D  by  suppos- 
ing the  vacuum  to  increase,  beyond  the  point  where  the  dis- 
charges can  pass,  by  absorption  in  the  pores  of  the  glass  walls 
of  portions  of  the  residual  gases,  and  redischarge  of  these  on 
heating  the  tube.  But  this  hardly  seems  rational.  It  is  con- 
trary to  all  our  ideas  that  an  intense  vacuum  should  be  intensi- 
fied by  absorption  of  gases  in  the  walls  of  the  containing  vessel 
in  which  the  vacuum  was  originally  produced.  We  should 
expect  instead  a  slow  evolution  of  relies  of  the  greater  amount 
of  the  same  gases  absorbed  in  the  body  of  the  glass  under  the 
higher  original  pressure ;  and  furthermore,  if  any  su'ch  effect 
existed,  it  could  hardly  fail  to  result  in  a  kind  of  osmotic  trans- 
fusion from  the  outside,  where,  as  in  this  case,  the  containing 
wall  is  often  not  over  ^i^-^  inch  thick.  It  seems  reasonable 
to  ascribe  the  gradual  attenuation  to  increasing  vacuum,  as  it 
is  partly  overcome  by  heating  the  walls  of  the  tube.  Glass  is 
known  to  hav^e  (and  particularly  with  aqueous  vapor)  the 
property  of  accumulating  over  its  surface  a  film  denser  than 
the  average  of  the  surrounding  atmosphere,  and  this  is  even 
more  marked  with  platinum.  This  I  lay  to  lack,  in  the  solid 
state,  of  the  perfect  elasticity  of  the  molecule,  which  is  postu- 
lated bv  the  received  theories  of  gaseous  tension.  Why  should 
w^e  not  consider  molecular  elasticity  to  be  more  or  less  imper- 
fect in  the  solid  state?  We  should  then  find  a  ready  explana- 
tion of  the  heating  of  platinum  sponge  in  an  atmosphere  of 
hydrogen,  accompanied  by  condensation  of  the  hydrogen  even 
to  the  point  of  liquefaction.  The  molecule  of  hydrogen  strik- 
ing the  imperfectly  elastic  platinum  molecule  would  rebound 
with  diminished  velocity,  the  lost  kinetic  energy  going  to  raise 
the  temperature.  In  tlie  pores  of  platinum  sponge  the  hydro- 
gen molecule  will  naturally  strike  again  and  again  the  imper- 
fectly elastic  mass,  with  further  evolution  of  heat  and  loss  of 
velocity,  until  it  reaches  nearly  the  orbital  velocity  of  the 
vastly  heavier  ]>latinum  molecule,  thus  being  reduced  even  to 
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the  liquid  condition.  Subsequent  molecnles  of  hydrogen 
would  suffer  like  losses  (though  less  rapidly,  owing  to  occa- 
sional impacts  on  hydrogen  instead  of  platinum)  until  a  film  of 
hydrogen  molecules  should  form  a  more  perfectly  elastic  coat- 
ing, and  equilibrium  would  be  established  (with  higher  tem- 
perature in  the  film  than  in  the  surrounding  atmosphere) 
when  impact  on  the  platinum  of  a  fresh  molecule  of  hydrogen 
i-aised  the  temperature  of  the  film  to  the  point  of  expelling 
another  molecule  from  its  surface.  Evidently  such  a  film 
would  give  off  molecules  when  heated,  and  knowing  platinum 
black  to  have  this  action  on  gases  in  higher  degree  than  glass, 
we  can  see  how  the  vacuum  might  be  increased  by  the  plati- 
num coating,  and  why  heating  the  walls  of  the  tube  should 
have  the  enect  of  partially  restoring  its  activity.  It  is  also 
interesting  to  note  that  by  this  theory  the  higher  the  vacuum 
the  more  important  relatively  this  action  becomes,  as  the 
exposed  surface  of  imperfect  elasticity  remains  constant,  while 
the  number  of  gaseous  molecules  diminishes,  and  thus  the 
ratio  increases  of  impacts  resulting  in  loss  of  velocity. 

This  may  sufficiently  explain  the  recrudescence  on  heating 
the  walls  of  the  tube,  but  does  not  explain  the  emission  of 
rays,  and  hardly  seems  sufficient  for  the  continuing  gradual 
increase  of  vacuum.  Why  should  not  these  be  accounted  for 
on  the  hypothesis  of  a  resolution  of  atoms  into  electrons  or 
emanations  under  the  discharge  in  a  Crookes  tube,  and  radia- 
tion of  these  (to  which  the  glass  walls  might  be  pervious,  more 
or  less,  as  to  the  ether,  though  entirely  impervious  to  molecu- 
lar matter)  of  different  polarity  from  the  different  electrodes  ? 
Of  these  rays  we  know  very  little,  except  that  they  differ 
materially  from  the  forces  with  which  we  are  accustomed  to 
deal.  The  X-rays,  emanating  from  the  anode,  are  absorbed  by 
mass  apparently  much  in  the  wRy  that  light  is  absorbed  by 
partially  transparent  substances,  as  is  shown  by  the  X-ray  pic- 
tures, and  they  have  been  considered  (though  perhaps  on 
insufficient  grounds)  to  have  also  the  velocity  of  light,  which 
would  tend  to  suggest  their  relation  to  the  electric  current 
streaming  also  from  the  anode ;  but  no  ordinary  reflection  or 
refraction  of  them  is  possible.  On  the  other  hand,  about  all 
that  we  know  of  the  cathode  rays  is  that  they  can  be  deviated 
by  a  magnetic  field,  thus  showing  some  of  the  characteristics 
of  mass,  and,  moreover,  they  seem  to  move  more  slowly  than 

ligiit. 

We  are  not  reduced  here  to  consideration  of  the  electron 
solely.  Possibly  we  may  have  to  do  with  one  or  both  of  the  still 
more  ethereal  forms  of  matter  postulated  to  account  for  the 
curious  changes  attending  the  transformation  of  radium  to 
lielium,  but,   from   present   indications,    is    it   not    probable 
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that,  under  these  limiting  conditions,  the  electric  discharge 
can  only  take  place  by  a  disruption  of  atoms  (failing  chemical 
combinations,  of  which  after  electrolysis  of  the  residual  aque- 
ous vapor  probably  none  would  remain)  similar  to  the  electrol- 
ysis, wiiich  alone  enables  the  current  to  pass  through  water 
and  other  liquids  ? 

There  is,  of  course,  the  intermediate  possibility  of  the  mere 
disruption  of  molecules  into  nascent  atoms,  but  this  probably 
would  not  continuously  intensify  the  vacuum  by  enabling  the 
elements  to  escape,  though  it  might  be  an  intermediate  stage. 

The  extremely  tenuous  condition  of  the  residual  elementary 
gas  or  gases  in  a  Crookes  tube,  reducing  exchanges  of  charges 
to  a  minimum,  would  apparently  be  a  favorable  condition 
for  such  disruption,  and  probably  the  high  temperature  would 
be  another. 

Holderness,  N.  H.,  Aug.  18,  1906. 
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Art   XXIX. — Northward  Extension  of  the  Atlantic  Pre- 
glacial Deposits  /*  by  Isaiah  Bowman. 

Outline. 
Introdnction. 

Lithologic  and  Stmctnral  Features. 
Preglacial  Series. 

(1)  Basal  Clays. 

(2)  White  and  Yellow  Sands. 

(3)  Red  Sands. 

(4)  Dark  Green  Sands  and  Clays. 
Glacial  Series. 

(1)  Stratified  Deposits. 

(2)  Unstratified  Deposits. 

Succession  of  Events  in  the  Deposition  of  the  Third  Cliff  Beds. 
Former  Interpretations. 

Occurrence  of  Preglacial  Deposits  near  Third  Cliff. 
Correlation  with  similar  Deposits  farther  South. 

Continuity  of  Deposits. 

Similarity  of  Materials. 

Paleontolog^c  Evidence. 
Conclusion. 

Introduction. 

Heavy  winter  storms  on  the  New  England  coast  following 
the  unusually  dry  autumn  of  1904  resulted  in  many  changes 
in  coastal  topography,  among  which  were  the  rapid  cutting 
back  of  headlands  of  soft  material  and  the  freshening  of 
clifiEs.  Good  opportunities  were  thus  presented  for  the  study 
of  exposed  geological  sections.  The  Third  Cliff  section  near 
Scituate,  Massachusetts,  is  of  special  interest  because  of  the 
lithologic  and  stratigraphic  homologies  between  the  exposed 
beds  and  preglacial  deposits  farther  south  and  their  bearing 
on  the  question  of  the  northern  limit  of  the  Atlantic  Cre- 
taceous and  Tertiary.  The  nearest  known  outcrop  of  deposits 
of  Cretaceous  age  is  at  Gay  Head,  Martha's  Vineyard,  52 
miles  south  of  Third  Cliff;  the  nearest  known  deposits  of 
Tertiary  are  the  Miocene  Greensands  at  Marshfield,  7  miles 
south  of  Third  Cliff.  The  latter  are  not  commonly  known  to 
occur  though  they  were  noted  by  Hitchcockf  as  early  as  1841 
(p.  91),  the  latest  text-book  of  Geology:j:  stating  that  "  The 
northernmost  exposure  of  the  Miocene  on  the  Atlantic  coast 
is  on  Martha's  Vineyard." 

Third  Cliff  is  one  of  a  series  of  four  cliffs  in  close  succes- 
sion twenty  miles  southeast  of  Boston  and  immediately  south 

*  The  saggestions  of  Professors  Woodworth  and  Jaggar  of  Harvard  and 
Professor  Barrell  of  Yale  University  are  hereby  gratefully  acknowledged. 
Sjjecial  thanks  are  due  Professor  Jeffrey  of  the  Harvard  Botanical  Labora- 
tory fur  identifying  the  lignites. 

!  Final  Report  on  the  Geology  of  Massachusetts,  vol.  i,  pp.  xii  to  831, 1841. 
Geology,  Chamberlain  and  Salisbury,  vol.  iii,  p.  260,  1006. 
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of  Scituate  Harbor.  They  are  represented  on  the  Duxbnry 
Slieet,  IT.  S.  G.  S.,  as  the  eroded  edges  of  drumlin-shaped 
hills,  from  20  to  75  feet  hiajh  and  with  major  axes  trending 
NN  W.  The  accompanying  sketch  (lig.  1)  of  a  part  of  Third  Cliff 
depicts  the  chief  features  referred  to  in  tlie  following  descrip- 
tion. 

Lithologic  and  Structural  Features, 

Preglacial  Series.  (1)  Basal  clays, — The  basal  member 
of  the  Third  Cliff  section  is  a  layer  of  clay  having  the 
light  yellow  color  of  terra  cotta.  The  top  of  the  layer  is 
about  at  the  level  of  high  tide,  and  an  excavation  of  several 
feet  failed  to  reach  the  bottom.  It  lies  in  a  nearly  horizontal 
position,  with  slight  dip  to  eastward.  It  is  extremely  unctu- 
ous when  w^et  and  resists  wave  action  to  such  a  degree  that 
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Fig.  1.  Topograph}-  and  structural  relations  of  part  of  Third  Cliflf. 
Heavy  continuous  lines  represent  observed  structures.  Heavy  dotted  lines 
represent  inferred  structures.  Horizontal  scale  =  175  feet  to  the  inch. 
Vertical  scale  =  180  feet  to  the  inch. 

the  height  of  the  steeply-sloping  bowlder-strewn  beach  (fig.  1) 
is  determined  by  its  upper  surface.  Within  the  body  of  the 
deposit  the  clay  is  very  pure,  but  towards  the  top  becomes 
more  sandy,  containing  round  inclusions  of  yellow  sands  up  to 
a  centimeter  in  diameter.  Lamination  appears  near  the  upper 
surface,  at  iirst  faintly  and  then  more  strongly  marked,  chang- 
ing finally  into  cross-bedded  structure,  although  the  bulk  of 
the  material  is  still  clay.  An  18-inch  deposit  of  alternating 
yellow  sands  and  clays,  of  several  inches  thickness  each,  com- 
pletes this  lowest  member  of  the  preglacial  series.  The 
entire  layer  contains  muscovite  in  considerable  quantity,  and 
under  the  microscope  shows  an  occasional  grain  of  glauconite 
and  scattered  fragments  of  sponge  spicules,  none  of  which 
have  sufficient  cliaracter  to  be  identifiable,  although  one 
specimen  suggested  a  form  of  Geodia, 

(2)  Yellow  and  white  sands, — A  deposit  of  yellow  and 
white  sands  lies  conformably  upon  the  basal  clay,  the  latter 
color  gaining  predominance  towards  the  top.     Like  the  clays 
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beneath  them,  these  sands  dip  gently  to  the  eastward.  Their 
maximum  thickness  is  25  feet,  with,  however,  many  variations 
in  thickness,  as  will  be  explained  in  a  later  paragraph.  But 
slisrhtly  cross-bedded  at  the  base,  these  sands  become  more 
and  more  irregular  towards  the  top,  where  they  display  excel- 
lent cross-bedded  structure,  the  upper  eight  feet  of  the  layer 
being  exclusively  of  this  character.  The  sands  vary  in  tex- 
ture from  fine  at  the  bottom  to  coarse  at  the  top,  and  show  in 
the  same  direction  a  decreasing  amount  of  the  clayey  constit- 
uent possessed  throughout.  Just  above  the  clays  on  which 
they  rest  the  sands  carry  sufficient  clay  to  render  them  some- 
what plastic  when  wet.  At  the  top  of  the  sands  where  cross- 
bedding  is  most  marked  the  sands  are  dry  and  partially 
indurated,  so  that  the  eroded  edges  retreat  with  a  nearly  verti- 
cal face,  '^'he  indurating  process  has  been  carried  so  far  in  a 
few  places  that  the  material  might  almost  be  called  a  sand- 
stone. Scattered  fragments  ot*  sponge  spicules  occur  here  as 
in  the  clays  previously  described,  and  an  equal  amount  of 
glauconite.  The  sands  are  very  silvery  in  general  appearance, 
owing  to  the  great  amount  of  muscovite  present,  some  of  the 
flakes  attaining  a  size  of  from  4  to  6  millimeters.  There  is 
no  break  in  the  series  thus  far  described,  every  change  being 
slow  with  conformable  relations  throughout. 

(3)  lied  sands. — At  the  top  of  the  white  sands  an  uncon- 
formity occurs,  the  eroded  edges  of  the  white  sands  being 
overlaid  by  a  layer  of  coarse  and  dark  red  sands  with  a  maxi- 
mum thickness  of  10  feet.  These  red  sands  bear  large  quanti- 
ties of  muscovite,  a  smaller  quantity  of  biotite,  and  also 
exhibit  cross-bedding  of  a  much  greater  degree  of  amplitude 
than  that  shown  in  the  white  sands.  Occurring  only  in 
patches  between  the  white  and  red  sands  and  never  present 
where  unconf(»rmable  relations  between  these  two  members 
are  exhibited,  is  a  thin  layer  (1  or  2  feet)  of  black,  coarse  sand 
composed  of  large  grains  of  smoky  quartz  and  with  an  admix- 
ture of  biotite.  It  is  cross-bedded  after  the  manner  of  the 
red  sands  which  overlie  it. 

(4)  Dark  green  sands  and  clays. — If  fig.  1  be  consulted,  it 
will  be  seen  that  below  the  stairway  near  the  middle  of  the 
figure  the  section  shows  greenish  black  sands  and  clays  at 
the  level  of  the  white  sands  and  below  the  level  of  the  red 
sands.  The  whole  face  was  so  masked  by  talus  and  land- 
slide material  near  the  top  of  the  bluff  that  extensive  exca- 
vation was  necessary  to  determine  the  relations  of  the  various 
beds.  Both  series  of  beds  were  evidently  in  place  and  the 
problem  resolved  itself  into  finding  the  line  of  contact  between 
the  two.  This  was  accomplished  with  the  results  shown  in 
fig.  2,  which  is  an  enlarged  portion  of  fig.  1  at  E. 
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The  white  sands  were  found  to  exhibit  in  the  clearest  possi- 
ble manner  the  erosion  of  a  considerable  body  of  tlieir  material, 
the  entire  series  above  them  being  swept  awa;  in  addition. 
Upon  tlieir  eroded  edges  lies  unconfonnably  a  layer  of  whit« 
and  yellow  clays  and  aands  which  are  superseded  above  by  the 
greenish  black  cla-ys  noted  in  the  section.  The  overlying  dark 
clays  and  the  yellow  sands  and  clays  between  them  and  the 
underlying  white  sands,  thicken  gradually  toward  the  middle 
of  their  ontcrop  (tig.  1),  where  the  sands  attain  a  maximum 
thickness  of  3  feet  and  the  clays  S  feet.    These  clays  exhibit 
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Fto.  3.  Representing  anconformity  between  darV  cla.TB  and  white  and 
yellow  Banda  at  B,  flg.  I.  Nua.  1  nnd  8  in  dl^n^m  repKBent  aaoonfomii- 
ties ;  at  2  the  depoBlts  ire  conformable. 

the  same  changes  as  those  of  the  lowest  clays  in  the  series — a 
gradual  transition  into  more  sandy  members  of  similar  color 
and  12  feet  thickness,  which  completes  the  upper  part  of  the 
preglaeial  section. 

As  soon  as  this  relation  between  the  beds  was  discovered 
the  entire  section  was  ro-examined  with  a  view  to  interpreting 
the  relations  which  proved  puzzling  eleewliere,  and  in  each 
locality,  no  matter  how  disturoed  by  ice  action  or  disguised  by 
landslides,  the  greenish-black  clays  and  sands  were  always 
found  npon  excavation  to  overlie  stratigraphically  the  white 
sands  of  cross-bedded  structure. 

Glacial 'Series. — The- glacial  material  which  overlies  all  of 
the  preceding  beds  may  bo  divided  into  two  classes.  The  low- 
est is  stratified  brown  sand  bearing  a  high  percentage  of 
erratic  material  and  occupying  the  eroded  depressions  in  the 
lower  beds ;  the  second  is  a  confused  mass  of  red  and  white 
sands  (see  A,  tig.  1)  intermingled  with  erratic  sands  and 
typical  Itowlder  clay,  the  bowlders  attaining  a  maximum  diain- 
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eter  of  6  feet.  The  two  classes  of  deposits  are  in  nticon- 
formable  relation  to  each  other,  and  along  the  entire  cliff  face 
are  seen  to  be  in  strong  unconformity  witn  the  beds  on  which 
they  rest  (see  B,  C,  D,  fip.  1).  The  detailed  structure  of  the 
till  is  shown  in  fig.  3,  great  blocks  of  bowlder  clay  being 
separated  by  a  "  filling  "  of  horizontally  stratified  sand  which, 
being  without  the  slightest  marks  of  distnrbance  since  deposi- 
tion, was  deposited  in  water  either  contemporaneously  with  the 
till  or  later  as  a  secondary  de- 
posit between  the  blocks  of  till 
as  faxt  ae  the  ice  between  the 
blocks  was  melted  out.  At 
Fourth  Cliff  similar  structures 
are  seen  with  a  considerable 
part  of  the  material  derived 
from  the  preglacial  beds  eroded 
by  the  ice  sheet  in  its  advance. 
At  Indian  Hill,  seven  miles 
southeast  of  Plymontb,  a  good 

80-f0Ot      section      shows      the        Fk,,  3.      showing  Btrncture  of   till 
further   complexity  of  a   layer   just  beyond  left  marpn,  flg.  l.   Sand 

„t   »i .: 1,.   Alct I.    II between  till  blocks   is  croBa-bedded 

jure  reproRenta 
B  abunt  5  feet  aqnare. 


any  in  the  Third  Cliff  section, 
with  a  thickness  of  20  feet  and 


underlaid  by  erratic  sand  and  gravel. 

This  layer  may  represent  an  int«rglacial  deposit  or  a  deposit 
formed  during  a  temporary  recession  of  the  ice.  Its  homo- 
logue  does  not  exist  in  the  Third  Cliff  section,  nor  is  there 
any  indication  whatever  at  the  present  time  of  deposits  or 
structures  developed  contemporaneous  with  those  at  Indian 
Hill.  In  all  three  sections  there  exists  a  thin  layer  of  iron- 
stained  reddish  and  apparently  older  till  just  above  the  strati- 
fied material  of  aqueo-glacial  origin. 

Succetnion  of  Events  in  the  Deposition  of  the  Third  Cliff  Beds. 

The  points  to  be  considered  in  the  determination  of  the  age 
of  the  beds  below  those  of  glacial  relationships  will  be  better 
understood  after  their  interpi-etation  in  tenna  of  the  events 
which  they  represent. 

It  appears  that  we  have  represented  in  the  40  or  more  feet 
of  yellow  clays  and  sands  first  described,  marine  conditions 
with  a  steady  shallowing  of  the  basin  of  deposition  either 
through  uplift  or  the  gradual  upbuilding  of  the  floor  through 
sedimentation.  These  conditions  ai-e  marked  particulariy  by 
the  sand  inclusions  which  occur  on  the  top  of  the  clays  and 
the  gradual  transition  of  clay  to  sand  with  the  upper  part  of 
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the  sands  strongly  cross-bedded.  There  followed  a  period  of 
erosion  which  may  represent  very  shallow  water  conditions 
without  actual  exposure  to  subaerial  processes.  Currents  and 
waves  have  already  found  expression  in  the  cross-bedded  struc- 
ture and  to  their  increased  efficiency  at  this  time  may  be 
attributed  the  nnconformity  in  question.  Then  came  the 
deposition  of  the  black  sands  composed  of  grains  of  smoky 
quartz,  followed  by  the  deposition  of  the  red  sands.  The 
slight  thickness  of  the  beds  representing  the  intervals  of 
deposition,  together  with  their  cross-bedded  structure  and 
present  position  and  attitude  with  respect  to  other  beds,  and 
the  existing  shoreline  favors  the  view  that  coastal  changes 
were  here  of  a  less  profound  order  than  along  the  more  south- 
erly part  of  the  Atlantic  littoral,  where  extensive  denudation 
followed  the  deposition  of  beds  of  great  thickness. 

Apparently  the  greatest  erosion  followed  the  deposition  of 
the  red  sands.  In  many  places  the  red,  black,  and  white  and 
yellow  sands  are  entirely  removed  down  to  the  basal  yellow 
clays.  In  the  depressions  thus  formed  was  deposited  the 
greenish  black  clay  of  figures  1  and  2.  Gradual  shallowing 
of  the  deeper  water  in  which  the  clays  were  deposited  is 
represented  by  the  greenish-black  glauconitic  sands  at  the  top 
of  the  darker  beds,  figure  1. 

The  succeeding  events  of  importance  in  the  history  of  this 
part  of  the  New  England  shoreline  were  the  erosion  of  the 
whole  series  thus  related  and  successive  advances  of  the  ice. 
The  first  effect  of  the  latter  process  was  probably  the  deposi- 
tion of  the  brown  erratic  sands  as  a  preliminary  wash  to  be 
superseded  by  the  deposition  of  the  ice-borne  clay  and  bowld- 
ers. The  relations  of  the  glacial  material  were  not  considered 
in  detail,  as  the  field  of  observation  was  too  limited.  The 
explanation  of  the  manner  of  deposition  of  the  stratified 
glacial  sands  may  therefore  be  erroneous  when  more  extensive 
observations  are  made.  The  retreat  of  the  ice  left  the  surface 
of  the  till  practically  as  we  see  it  today,  except  where  it  is 
modified  by  shallow  gullying  or  by  the  insistent  attack  of  the 
sea. 

The  weight  and  movement  of  the  ice  upon  the  unindurated 
preglacial  sands  and  clays  below  resulted  in  the  bodily  removal 
of  great  masses  of  these  deposits.  They  are  clearly  seen  in 
the  face  of  the  cliff  surrounded  by  erratic  sands  and  bowldery 
clay  (A,  fig.  1).  In  addition,  the  remaining  sands  exhibit  ice 
disturbance,  for  while  they  are  practically  in  situ  they  are 
minutely  fractured  and  faulted  as  shown  in  the  upper  right 
hand  corner  of  fig.  2.  In  every  case  the  blocks  are  easily 
restored  in  thought  to  their  original  positions  by  the  help  of 
slight  variations  in  color  and  texture.     The  openings  between 
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blocks  are  filled  in  some  eases  by  a  silty  deposit  which  can  in 
every  instance  be  traced  up  to  the  till  or  sand  above,  from 
which  it  was  derived  by  percolating  waters.  The  great  bowld- 
ers in  the  till  are  continually  falling  from  the  cliff  face  to  the 
beach  below  and  give  added  protection  to  the  basal  clays 
which  determine  the  level  of  the  beach.  The  clays,  the  par- 
tially indurated  sands  and  the  till — all  alike  possess  sufficient 
tensile  strength  to  stand  in  bold  cliffs  and  thus  yield  under  an 
encroaching  sea  a  remarkably  clean  and  perpendicular  section. 

l^ormer  Interpretations. 

Both  Third  and  Fourth  Cliffs  have  been  described  by 
Upham.*  As  his  interpretation  differs  widely  from  the  one 
just  given,  the  following  summary  of  his  results  seems  appro- 
priate in  this  place.  It  should  be  said  that  the  section  is  today 
in  much  better  condition  than  when  examined  by  Upham  and 
probably  shows  the  relationships  of  the  various  deposits  very 
much  more  clearly  than  at  any  time  heretofore. 

The  two  cliffed  hills  are  referred  to  as  "two  extraordinary 
drumlins  ....  which  consist  of  till  ....  to  a  depth  that 
varies  from  15  to  25  feet  ....  but  below  include  beds  of 
modified  drift  that  attain  in  Third  Cliff  a  thickness  of  at  least 

40   feet,   reaching    to    the    bowlder-strewn    shore " 

Neither  the  yellow  clays  which,  partly  masked  by  bowlders, 
form  the  shore,  nor  the  unconformities  above  and  in  the  so- 
called  modified  drift  were  noted.  That  the  material  is  not 
modified  drift  is  shown  by  a  wholly  dissimilar  structure  and 
lithologic  character ;  and  by  the  total  absence  of  erratic  mate- 
rial, and  a  remarkably  pronounced  and  persistent  unconformity 
between  the  erratic  and  non-erratic  beds,  with  several  smaller 
unconformities  within  the  latter  (see  conclusion,  p.  325). 

Upham  speaks  further  of  the  anticlinal  structure  of  the 
modified  drift  and  the  approximate  coincidence  of  the  upper 
surface  of  these  beds  with  the  surface  of  the  till  at  the  cliff 
top.  This  is  offered  as  evidence  of  the  manner  in  which  drum- 
lins are  deposited  underneath  the  ice,  but  in  the  better  section 
of  today  the  cliffs  show  in  the  clearest  possible  manner  that 
the  apparent  anticlinal  structure  is  in  reality  the  effect  pro- 
duced by  successive  faultings  of  broken  blocks  of  white  and 
red  sands  as  shown  near  the  left  margin  of  fig.  1 ;  and  that 
the  coincidence  or  parallelism  of  the  structural  surfaces  called 
anticlinal  is  due  not  to  similar  dynamic  conditions  imposed  by 
the  ice,  but  to  the  control  exercised  on  ice  movement  and 
deposition  by  the  form  of  the  subjacent  terrane.  It  cannot, 
therefore,  be  argued  alone  from  tlie  relations  exhibited  here 
that  drumlins  are  a  subglacial  deposit  built  up  by  successive 
accretions  from  the  debris-laden  lower  part  of  the  ice.     It  is 

♦**The  Structure  of  Drumlins."     B.  S.  N.  H.  Proc,  xxiv,  228-242,  1889. 
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not  implied  that  such  conditions  may  not  have  occurred  else 
where,  but  that  such  was  not  the  case  here  is  clearly  proved. 
The  presence  of  the  yellow  sands  was  noted  by  Upham  and 
also  the  lignitic  clays,  "  laminated  dark  gray  clay,"  the  latter 
being  attributed  to  deposition  of  material  subgJacially  trans- 
ported, the  lignites  being  explained  as  the  possible  remnants  of 
an  interglacial  forest  overwhelmed  by  the  ice,  yet  the  absence 
of  all  bowlders  and  till  fragments  in  the  clays  was  observed. 
The  better  section  of  today  shows  also  that  the  structure  of 
the  till  is  in  reality  like  that  shown  in  lig.  3,  and  not  obscurely 
laminated.  The  same  figure  shows  the  presence  of  seams  and 
lenses  of  gravel  within  the  till,  their  absence  having  been 
asserted  heretofore.  The  various  anomalies,  which  Upham's 
observations  led  him  to  believe  were  present  here,  were 
explained  by  the  suggestion  that  the  modified  drift  of  Third 
Cliff  was  deposited  under  very  unusual  sub-glacial  conditions. 

Occurrence  of  Preglacial  Deposits  near  Third  Cliff, 

Deposits  of  pre-Pleistocene  age  once  subaerially  eroded  and 
now  submerged  have  been  presumed  by  several  writers  to 
occur  near  shore  on  the  floor  of  the  sea  north  of  Martha's 
Vineyard.  The  first  to  suggest  this,  with  the  possible  excep- 
tion of  Hitchcock,  who  vaguely  refers  to  this  matter  (p.  427), 
was  VeiTill,*  who  observed  in  dredged  material  from  the 
north  Atlantic  coast  compact  calcareous  sandstone  and  arenace- 
ous limestone  bearing  fossil  shells  and  fragments  of  lignite. 
About  half  the  fossil  forms  were  considered  extinct.  Ver- 
rill  thinks  that  the  fragments  were  probably  "  detached  from 
a  very  extensive  submerged  Tertiary  formation  at  least  several 
hundred  miles  in  lengtli,  extending  along  the  outer  banks, 
from  off  Newfoundland  nearly  to  Cape  Cod  and  perhaps 
constituting,  in  large  part,  the  solid  foundations  of  these 
remarkable  submarine  elevations." 

Later  on,  Uphamf  reports  finding  fossils  of  possible  Eocene 
or  Cretaceous  age  in  the  drift  materials  near  Highland  Light, 
Cape  Cod.  HitchcoekJ  even  believed  from  the  Miocene 
deposits  at  Marshfield  (seven  miles  south  of  Third  Cliff)  that 
deposits  of  Tertiary  age  occurred  "  abundantly  along  the  coast 
from  ^farshfield  to  Plymouth  and  not  improbably  also  on  Cape 
Cod,"  although  their  actual  occurrence  was  not  noted. 

Professor  Shaler,  in  his  report  on  the  geology  of  the  Cape 
Cod  District,^  suggested  the  presence,  at  least  on  the  sea  floor, 

**' Occurrence  of  Fossiliferous  Tertiary  Rocks  on  the  Grand  Bank  and 
George's  Bank.''     This  Journal  (3),  xvi.  pp.  323-324,  1878. 

f  Marine  shells  and  fragments  of  shells  in  the  tiU  near  Boston,  B.  S.  N.  H. 
Proc,  xxiv,  pp.  127-141,  1889. 

\  See  footnote,  p.  9. 

§ ''  The  Geology  of  the  Cape  Cod  District,"  bv  N.  S.  Shaler,  ISth  Annnal 
Report,  U.  S.  G.  S.  Part  II,  p.  580,  1896-97  (see  also  pp.  516  and  578). 
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of  Cretaceous  and  Tertiary  deposits  northward  as  far  as  Cape 
Ann,  from  the  general  likeness  of  the  outlines  of  the  shoals  of 
Stellwagen  Bank  to  Cape  Cod  and  the  relations  of  the  now 
submerged  valleys.*  The  suggestion,  though  a  purely  analo- 
gous one,  is  of  great  interest  in  the  further  exploration  of  the 
field  concerned. 

Correlation  with  Similar  Deposits  to  the  South, 

Tlie  evidence  upon  which  age  determinations  are  attempted 
is  gathered  from  a  close  study  of  the  strata  themselves  and  of 
adjacent  areas.  The  paleontologic  evidence  secured  does  not 
have  the  specific  quality  demanded  for  the  purposes  of  correla- 
tions, although  none  of  the  evidence  of  this  nature  negatives 
the  conclusions  reached  by  other  evidence.  In  short,  the  con- 
clusions rest  upon  presumptive  evidence  and  must,  therefore^ 
be  held  as  tentative  and  suggestive  only. 

Canfinuiiy  of  Deposits, — At  Mai'shfield,  seven  miles  south 
of  Third  Cliff,  greensand  beds  were  noted  by  Hitchcock  as 
early  as  ISSO.f  Their  age  was  later  determined  by  Dr.  Dall 
from  fossil  evidence  and  found  to  be  Miocene.  The  deposit 
is  highly  glauconitic,  occui's  about  up  to  15  feet  above  mean 
tide  level,  and  is  in  very  close  contact  with  the  granitic  floor, 
which  outcrops  two  miles  farther  south.  The  sands  do  not 
outcrop,  but  are  reached  by  excavating  6  to  8  feet  beneath  the 
surface.  They  were  first  discovered  in  digging  for  a  well  on 
the  farm  of  Mr.  Kent. 

The  presence  of  this  bed  suggested  that  coastal  sections 
between  Third  Cliff  and  Martha's  Vineyard  might  show  similar 
deposits,  but  a  search  from  Boston  Harbor  to  JPeaked  Cliff,  15 
miles  southwest  of  Plymouth,  proved  fruitless  except  for  the 
finding  of  drift  material  often  in  great  abundance  derived 
from  preglacial  beds  undoubtedly  similar  to  those  at  Third 
Cliff.  This  is  particularly  true  of  parts  of  the  glacial  deposits 
at  East  Marshfield,  Kingston,  Indian  Hill,  Lookout  Point,  and 
Peaked  Hill.  The  unusual  character  of  some  of  the  glacial 
material  in  these  places  is  very  striking.  There  is  a  large 
amount  of  white  and  red  sand  rather  poorly  mixed  with  the 
more  common  brown  sand  noted  in  sections  of  glacial  mate- 
rial farther  inland.  These  suggest  the  wider  extent  of  the  pre- 
glacial deposits  and  their  considerable  erosion  by  ice. 

Shnilarity  of  materials, — The  fact  that  at  least  a  part  of 
these  deposits  were  formed  in  relatively  shallow  water  near 
shore,  as  shown  by  the  cross-bedded  structure  of  the  lower 
sands,  renders  their  correlation  on  this  ground  along  with 
similar  deposits  on  Martha's    Vineyard    insecure,  because   of 

*  See  map  of  the  Cape  Cod  District. 

t'*  Final  Report  on  the  Geology  of  Massachusetts,"  pp.  91-95,  and  427, 
1841. 
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the  varying  physical  conditions  under  which  sedimentation 
takes  place  in  shallow  waters.  Controlled  by  the  evidence 
of  the  unconformities  it  has,  however,  a  more  certain  value. 
The  relative  thinness  of  the  deposits  close  to  this,  their 
northern  limit,  and  the  frequent  unconformities  point  to 
even  greater  irregularity  in  the  physical  conditions  here  than 
farther  south,  the  deposits  being  more  readily  affected  by 
slight  oscillations  of  level  common  to  the  lands.  The  com- 
plexity of  the  mutual  relations  of  coastal  deposits  is  enhanced 
oy  the  fact  that  continued  erosion  and  redeposition  often  results 
in  the  close  lithologic  resemblance  of  beds  of  quite  different 
age.  In  such  cases  there  is,  therefore,  small  value  in  the  con- 
clusions based  on  evidence  of  this  sort.  Unconformities  and 
fossil  evidence  are  the  closest  available  determinants  under  such 
circumstances,  and  it  is  quite  largely  on  the  former  that  the 
conclusions  of  this  paper  are  based. 

The  nearest  known  outcrop  of  beds  lithologically  similar  to 
those  at  Third  Cliff  is  at  Gay  Head,  Martha's  v  ineyard.  These 
are  described  by  Professor  Woodworth,*  who  mentions  the 
following  characters  of  the  successive  beds : 

Lower  Cretaceous :  non-marine,  lignitic,  leaf-bearing  clays. 

Upper  Cretaceous:  locally  hardened  bands  of  sands  con- 
tainmg  molds  of  fossils,  locally  developed  beds  similar  to  those 
at  Indian  Hill  (M.  V.)  which  have  a  texture  varying  from  tine 
to  coarse  with  scattered  larger  grains  of  quartz  and  abundant 
muscovite  scales.  Inferred  unconformity  between  Lower  and 
Upper  Cretaceous. 

Miocene :  thickness  varies  from  0  to  10  feet.  Consists  of 
two  members — osseous  conglomerate  and  foraminiferal  or 
greensand  beds,  with  unconformity  between.  The  former  is 
from  12  to  18  inches  in  thickness,  consists  of  rounded  bowlders 
or  of  nut-sized  quartz  pebbles  white  and  well-rounded.  Ceta- 
cean bones  present.  The  foraminiferal  bed  is  from  0  to  10 
feet  thick,  green  color  below,  brown  above,  basal  part  includes 
rolled  fragments  of  osseous  conglomerate  and  bears  glauconite 
casts  of  Macoma  lyelli  in  the  attitude  of  growth  and  the  crab 
Archeoplo,T.  sufnlfera  in  lower  [)art  of  stratum. 

Probable  Pliocene:  vellowish  j^reen  and  brownish  clavs 
bearing  glauconite  and  Pliocene  fossils.  Inferred  unconform- 
itv  between  Pliocene  and  Miocene. 

ft' 

The  i)aiieitv  of  glauconite  in  the  Gay  Head  Upper  Creta- 
ceous and  the  variable  texture  of  the  material,  the  scattered 
quartz  grains,  abundant  innscovite  scales,  correspond  precisely 
with  the  conditions  found  in  the  white  and  yellow  sands  which 
form  the  basal  member  of  the  Third  Cliff  section.  Even  the 
occurrence,  of  cross-bedding  on  a  small  scale  in  the  coarse  pre- 

*  *•  UnconfonnitieR  of  Martha's  Viuevard  and  Block  Island"  ;  B.  G.  S.  A., 
viii,  197-212,  1897. 
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Tertiary  sands  (p.  200)  is  noted.  Were  lithologic  identity 
alone  a  determinant  in  correlation,  we  should  be  completely 
justified  in  calling  these  beds  Upper  Cretaceous.  The  irreg- 
ularity of  the  New  England  shoreline,  and  the  considerable 
distance  (52  miles)  between  Third  Cliff  and  Gay  Head,  make 
it  probable  that  the  physical  conditions  under  which  sedi- 
mentation took  place  were  not  persistent  throughout  the 
entire  district,  and  it  is,  therefore,  not  surprising  that  at 
Third  Cliff  there  should  be  present  a  layer  of  red  sand  cross- 
bedded  throughout  on  a  large  pattern  which  does  not  appear 
in  the  Gay  Head  section.  With  this  exception  the  beds  over- 
lying the  first  unconformity  at  Third  Cliff  are  again  similar  to 
those  at  Gay  Head,  except  for  the  osseous  conglomerate  which 
is  not  present  at  Third  Cliff,  but  the  glaueonitic  sands  are 
present  bearing  the  white  well-rounded  quartz  pebbles.  More- 
over, these  beds  are  at  precisely  the  same  altitude  as  those 
definitely  known  to  be  Miocene  (p.  321)  at  Marshfield,  seven 
miles  south.  The  Marshfield  beds  rest  upon  granite,  the  dark 
sands  and  clays  of  Third  Cliff  upon  white  sands.  On  the 
whole,  the  relatively  close  agreement  of  unconformities  and 
lithologic  characters  seems  very  striking.  While  this  resem- 
blance, as  was  noted  on  the  preceding  page,  may  have  slight 
value  on  account  of  marginal  redeposition  without  the  destruc- 
tion of  characteristic  features,  it  is  in  a  measure  significant  on 
account  of  the  distinctness  of  the  separating  planes  in  the 
deposits  and  the  strongly  marked  individual  character  of  each 
bed.  It  is  the  more  convincing  to  one  who  has  seen  the 
Atlantic  Cretaceous  and  Tertiary  farther  south  and  has  noted 
the  persistent  and  distinctive  character  of  these  deposits. 

It  would  be  quite  unsafe  to  base  a  correlation  of  the  Third 
Cliff  deposits  with  those  of  New  Jersey  entirely  on  the  evi- 
dence presented  here,  but  it  is  not  witliout  interest  to  note 
that  with  a  single  exception  the  Red  Bank  sands  occur  exclu- 
sively in  the  Monmouth  formation.  Upper  Cretaceous,  *'  except 
in  certain  marginal  phases  of  the  Rancocas  formation,''* 
which  latter  is  itself  of  Upper  Cretaceous  age.  Glauconite 
occurs  in  great  abundance  in  the  Upper  Cretaceous  of  New 
Jersey,  and  but  sparingly  at  Gay  Head,  and  certain  yellow 
sands  are  found  alike  in  the  Miocene  and  Upper  Cretaceous. 

PaUontologic  Evidence, — A  fourth  probability  is  suggested 
by  the  studies  of  T.  C.  Brown  of  Columbiaf  on  the  Chappa- 

auiddic   fauna   from  Martha's   Vineyard.     A   comparison   of 
lis  fauna  with   the  Eocene  faunas  of  tiie  Atlantic  and  Gulf 
provinces   indicates  that  the   species  closely   resemble   those 

*  Upper  Cretaceous  Formations  of  New  Jersey,  W.  B.  Clark ;  B.  G.  S.  A. 
viii,  318-358,  1896-97. 

f  A  New  Lower  Tertiary  Fanna  from  Chappaquiddick  Island,  Martha's 
Vineyard,  Science,  New  Series,  vol.  xxi,  No.  548,  pp.  990-991,  1905. 
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found  in  the  lower  Eocene,  and  they  are  accordingly  desig- 
nated as  lower  Eocene.  The  fossils  are  found  in  ferruginous 
concretions,  reassorted  and  deposited  in  their  present  position 
as  glacial  drift.  They  have  apparently  heen  moved  from  the 
north,  probably  from  the  sea  bottom,  and  raise  the  question  as 
to  their  relation  to  the  Third  Cliff  deposits.  TJieir  relation 
is,  of  course,  obscure  at  present,  although  future  dredgings 
and  soundings  may  throw  some  light  on  the  subject. 

As  has  been  noted  before  (p.  321)  fossil  evidence  is  almost 
wanting.  The  sponge  spicules,  as  already  noted,  were  not 
identifiable  with  any  degree  of  certainty.  Their  value  even 
when  identifiable  is  rarely  great.  The  impression  of  a  single 
bivalve  was  noted  in  the  red  sands,  but  as  only  the  rounded 
and  partly  obliterated  outline  was  visible  it  also  proved  of  no 
value.  Fortunately  the  green  glauconitic  sands  in  the  upper 
part  of  the  preglaeial  series  are  ligiiitic  and  a  number  of 
excellent  specimens  of  pyrrotized  lignite  were  obtained. 
These  were  carefully  examined  for  me  by  Dr.  E.  C.  Jeffrey, 
of  the  Harvard  Bqtanical  Laboratory,  to  whom  I  am  greatly 
indebted  for  a  statement  of  his  conclusions,  based  on  extensive 
comparative  studies  of  lignites  from  Martha's  Vineyard, 
Staten  Island,  and  Germany.     Dr.  Jeffrey  states  :* 

"  The  lignites  from  the  cliffs  at  Scituate  ....  belong  to 
an  ancient  type  of  Pityoxylon,  earlier  than  that  found  in  con- 
nection with  the  BaUic  (Oligocene)  amber.  They  closely 
resemble,  although  are  not  identical  with,  Pityoxylon  from 
the  Cretaceous  beds  of  Staten  Island  and  Martha's  Vinevard, 

and  are  of  the  same  general  antique  type all  of  the 

niaterial  belongs  to  one  species  .  .  .  ." 

The  fact  that  but  one  species  was  identified  makes  correla- 
tion based  on  the  above  determinations  quite  insecure.  From 
the  paleontologic  evidence  the  deposits  might  be  placed  any- 
where between  the  lower  Cretaceous  and  the  Pliocene  with 
f)robabilities  pointing  to  Eocene  or  Oligocene.  On  the  other 
land,  the  lithologic  and  stratigraphic  evidence  coupled  with 
the  geographic  position  of  the  deposits  with  respect  to  the 
Marshfield  greensands  points  to  their  Miocene  age. 

In  general,  plant  remains  are  known  to  have  a  low  value  as 
time  markers  in  the  geological  column,  especially  such  low 
forms  as  Pityoxylonf  and  allied  species.  The  presence  of  the 
former  is  tlierefore  to  be  considered  not  as  confirmatory  but 
as  presumptive  evidence  which  does  no  violence  to  the  conclu- 
sions based  on  stratigraphic  grounds. 

Conclusion. 

The  conclusions  reached  after  an  examination  of  the  fore- 
going evidence  may  be  stated  as  follows : 

*  Personal  letter,  March  5,  1906. 
See  Palaeophytologie,  Schimper  and  Schenck,  p.  874. 
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(1)  The  lower  part  of  the  Third  Cliff  section  is  preglacial. 
This  is  based  on  the  character  of  the  deposits,  the  entire 
absence  of  erratic  material,  and  the  relation  and  sequence  of 
the  unconformities.  The  suggestion  that  these  beds  may  be 
interglacial  is  opposed  by  a  number  of  facts  which  point  to  the 
improbability  of  this  occurrence.  In  the  iirst  place,  two  marked 
unconformities  such  as  occur  within  the  lower  deposits,  to- 
gether with  the  individual  character  of  the  different  beds,  indi- 
cate a  distinct  even  if  small  change  in  the  conditions  of 
deposition  which  one  would  expect  should  be  marked  elsewhere 
by  deposits  of  a  similar  nature.  No  interglacial  deposits  of 
this  character  are  known  on  the  Atlantic  coast.  It  would  be 
singular,  though  not  impossible,  that  an  interglacial  deposit  of 
this  thickness  should  elsewhere  be  swept  away,  a  single  rem- 
nant preserved  in  this  locality  only.  It  is  more  reasonable  that 
extensive  Cretaceous  and  Tertiary  terranes  should  be  removed 
leaving  here  and  at  Marshfield  and  Gay  Head  remnants  of  a 
similar  nature.  It  would  be  very  peculiar  indeed  if  an  inter- 
glacial deposit  were  to  simulate  so  closely  the  stratigraphic  suc- 
cession and  lithologic  qualities  of  beds  of  known  Cretaceous 
and  Tertiary  age,  and  at  the  same  time  be  the  sole  representa- 
tives of  their  kind  on  the  coast.  To  this  fact  we  may  add  that 
the  oldest  known  bowlder  bed  in  New  England  is  present  here 
(see  p.  317)  and  that  it  occurs  above  the  unconformity  represen- 
ted at  C,  tig.  1,  that  is  to  say,  above  the  most  marked  uncon- 
formity of  the  whole  section  and  one  which  represents  the  most 
profound  break  in  the  conditions  of  deposition. 

(2)  The  occurrence  of  Cretaceous  and  Tertiary  deposits  at 
Martha's  Vineyard,  50  miles  south  of  Third  Cliff,  and  of  Ter- 
tiary deposits  at  Marshfield,  seven  miles  south  of  Third  Cliff, 
make  it  seem  not  unlikely  that  deposits  of  the  same  age  once 
extended  farther  north,  as  well  as  farther  inland,  though  sub- 
sequent erosion  may  have  all  but  completed  the  removal  of 
such  deposits. 

(3)  Tne  similarity  of  the  material  and  the  many  points  of 
similarity  of  sequence  in  these  several  places  indicate  tlie  strong 
possibility  that  the  Third  Cliff  beds  are  to  be  correlated  witn 
those  farther  south. 

(4)  Tlie  identity  of  plant  remains  offers  the  same  possibility 
based  on  an  independent  line  of  evidence. 

(5)  The  convergence  of  independent  possibilities  renders  the 
following  more  tlian  possibilities:  they  may  be  accepted  as 
probabilities : 

{a)  The  underlying  yellow  clay  and  the  yellow  and  white 
sands  are  considered  as  probably  upper  Cretaceous.  (J)  The 
overlying  dark  sands  and  clays  are  probably  Miocene  though 
possibly  Eocene  or  Oligocene. 
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Art.  XXX. — A  Delicate  Color  Reaction  for  Copper^  and  a 
Microchemical  Test  for  Zinc  '^  by  Harold  C.  Bradley. 

[From  the  Chemical  Laboratory  of  the  Yale  Medical  School.] 

It  has  been  known  for  a  number  of  years  that  the  extract 
of  logwood-liaeniatoxylin — would  produce  with  copper  salts  a 
dark  blue  color  of  some  intensity.  One  of  the  older  and  little 
used  differential  stains  for  tissues  depended  upon  this  reac- 
tion. The  microtome  section  of  tissue  was  immersed  iirst  in  a 
copj)er  solution,  then  washed  and  immersed  again  in  a  dilute 
solution  of  haematoxylin.  Those  portions  of  the  tissue  which 
fixed  the  copper  would  then  be  colored  dark  blue,  while  the 
rest  of  the  tissue  remained  uncolored.  In  this  way  a  stain  is 
produced  which  will  differentiate  the  cell  nucleus  from  the 
surrounding  cytoplasm.  This  same  reaction  was  used  by  Herd- 
man  and  lioyce*  to  demonstrate  copper  in  the  blood  and  tis- 
sues of  the  oyster,  while  Mendel  and  Bradley  f  made  use  of  it 
in  localizing  the  copper  in  the  liver  tissues  of  other  marine 
molluscs.  So  far  as  we  are  aware,  however,  the  reaction  has 
never  been  used  as  a  means  of  identifying  small  amounts  of 
copper  in  solution,  nor  has  it  been  realized  of  what  extreme 
delicacy  the  reaction  is  susceptible. 

Accordingly  a  number  of  trials  were  made  with  copper  sul- 

t)hate  solutions  of  varying  strengths,  to  determine  within  what 
imits  the  reaction  was  available  for  the  detection  of  copper, 
and  also  how  the  reaction  compared  in  delicacy  with  other 
well  known  tests  for  that  element.  Ferrocyanide,  ammonium 
sulphide,  potassium  iodide  and  starch,  are  the  reagents  most 
commonly  employed  to  detect  small  amounts  of  copper,  and 
form  some  of  the  most  delicate  reactions  of  the  laboratory. 
Potassium  ferrocyanide  gives,  with  dilute  solutions  of  copper 
salts,  a  characteristic  brown  color,  becoming  indistinguishable 
from  the  color  of  the  reagent  when  the  copper  solution  con- 
tains less  than  0*001  per  cent  of  the  metal.  With  starch 
paste  and  potassium  iodide  the  reaction  is  slightly  more  deli- 
(jate — cuprous  iodide  and  starch  iodide  of  characteristic  deep 
blue  being  formed — but  reaches  its  limit  when  the  copper 
solution  contains  less  than  0*001  per  cent  of  the  metal.  On 
the  other  hand,  the  haematoxylin  reaction  is  at  its  best  in  just 
such  dilutions  and  will  serve  to  recognize  copper  in  solutions 
of  much  greater  attenuation.  The  following  table  shows  roughly 
the  comparative  delicacy  of  these  reactions: 

Reagent             001;^  Cu  OOOI5J  0.0001^  OOOOOl;^  O'OOOOOljg  O'OOOOOOl^ 

Ferrocyanide   browu      brown  ?  

KI  ■\-  starch     blue  bine  bine  

Haematoxylin  bine          bine  bine  bine             bine            bine 

*  Herdman  and  Boyce  :    Report  of    the  Thompson- Bates    Laboratories, 
Liverpool,  ii,  1899. 
f  Mendel  and  Bradley  :  American  Journal  of  Physiology,  xiv,  318,  1905. 
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That  is,  while  under  the  most  favorable  conditions  ferrocy- 
anide  of  copper  is  formed  visibly  in  solutions  of  one  part  cop- 
per in  100,000  parts  of  water,  blue  starch  iodide  in  solutions 
of  one  part  copper  in  1,000,000  parts  of  water,  the  copper- 
haematoxylin^  compound  is  distinctly  recognizable  in  solutions 
of  one  part  of  copper  in  1,000,000,000  parts  of  water.  This  is, 
w^e  believe,  one  of  the  most  delicate  reactions  known,  chemical 
or  physical,  and  is  comparable  with  the  physiological  effects 
of  copper  salts  on  certain  algae,  with  the  catalytic  eflEect  of 
copper  in  certain  oxidations,  and  with  the  reactions  for  detect- 
ing radio-active  bodies  of  extreme  dilution.  It  is  a  thousand 
times  more  delicate  than  the  ferrocyanide  test  for  copper. 

The  possibilities  for  the  use  of  such  a  reaction  as  a  qualita- 
tive test  for  copper  in  drinking  water  from  reservoirs  treated 
with  copper  sulphate  to  destroy  algae,  is  at  once  apparent. 
Whether  the  reaction  can  be  applied  directly  to  the  proximate 
analyses  of  drinking  waters,  what  the  conditions  for  optinmm 
results  are,  and  what  the  intensely  blue  copper  compound  is, 
are  Droblems  still  to  be  worked  out. 

^inc. — In  carrying  out  some  investigations  on  the  normal 
presence  and  distribution  of  zinc  in  certain  marine  gastropods,* 
the  difficulty  of  recognizing  definitely  small  amounts  of  that 
metal  in  tissue  ash  containing  relatively  large  amounts  of  cop- 
per, iron,  calcium,  and  phosphoric,  acid,  was  found  to  be  very 
great.  Zinc  forms  practically  no  colored  compounds  by  which 
it  may  be  identified  in  such  a  mixture,  and  the  ordinary  pro- 
cesses of  separation  are  tedious  and  unsatisfactory.  The  desir- 
ability of  finding  some  rapid  and  relial)le  test  for  zinc  led  to  a 
thorough  canvassing  of  the  less  common  laboratory  reagents 
for  precipitating  that  metal,  and  the  finding  of  a  microchemi- 
cal  test  which  proved  to  be  adequate  in  every  way.  The 
reaction  is  by  no  means  a  new  one,  but  its  possibilities  as  a 
reliable  test  for  zinc  seem  to  have  been  overlooked. 

A  moderately  concentrated  solution  of  a  zinc  salt  when 
treated  with  sodium  nitroprusside  throws  down  a  salmon-pink 
precipitate  of  zinc  nitroprusside,  fairly  insoluble  in  cold  water^ 
much  less  so  in  hot.  The  characteristic  feature  of  this  pre- 
cipitate is  its  definite  and  readily  identified  crystal  form.  All 
the  other  insoluble  nitroprusside^  of  the  heavy  metals  are 
amorphous,  slimj  precipitates  resembling  the  ferrocyanides  in 
general  physical  properties.  Thus  even  in  a  mixture  of  several 
metallic  salts,  such  as  copper,  silver,  cobalt,  zinc,  etc.,  the  zinc 
nitroprusside  can  be  recognized  under  the  microscope  by  the 
presence  of  its  characteristic  crystals  in  the  amorphous  mass  of 
the  other  nitroprussides.  In  performing  the  test,  it  is  desir- 
able to  have  the  solution  of  the  salts  fairly  concentrated — about 

*  Bradley  :  Science,  1903,  xix,  p.  196. 
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10  per  cent  sti*ength  is  convenient — and  to  remove  the  copper 
by  H,S.  In  such  solutions  of  tissue  ash  as  were  used  in  our 
experiments,  copper  was  first  removed  and  the  filtrate  contain- 
ing iron,  calcium,  phosphoric  acid,  etc.,  concentrated  to  small 
bulk.  A  drop  of  this  solution  placed  on  a  microscope  slide 
and  digested  with  a  drop  of  the  freshly  prepared  nitroprusside 
solution,  deposited  on  cooling  the  rectangular  plates  and  prisms 
of  the  zinc  salt  when  that  metal  was  present  in  such  minute 
amounts  that  the  ordi^iary  methods  of  separation  and  identifi- 
cation failed  to  show  it  definitely,  or  required  the  ashing  of 
large  amounts  of  the  original  material.  For  example,  by  this 
method  zinc  was  detected  readily  in  the  blood  of  certain  mol- 
luscs in  a  few  minutes,  while  by  tlie  ordinary  methods  of 
separation  and  analysis — the  basic  acetate  method,  or  better, 
the  precipitation  of  the  metal  as  sulphide  from  a  formic  acid 
solution — many  hours  are  required  to  ash  sufficient  material 
and  carry  through  the  steps  of  the  analysis. 
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Abt.  XXXI. — The  Eliinination  mid  AlkaZimetric  Estimation 
of  Silicon  Fluoride  in  the  Analysis  of  Fluorides ;  by 
Albert  Hileman. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ.  cxlviii.] 

The  errors  of  the  processes  for  the  determination  of  fluorine, 
in  which  that  element  is  eliminated  as  silicon  fluoride  to  be 
subsequently  estimated  volumetrically,  naturally  fall  into  two 
categories.  First,  there  are  those  errors  which  are  due  to 
imperfect  elimination  and  collection  of  the  silicon  fluoride 
from  the  decomposition  flask,  and,  secondly,  there  are  the 
errors  of  the  titration  processes.  For  the  present  purpose  it 
will  be  most  convenient  to  consider  the  latter  class  of  errors 
first. 

The  Process  of  Titration, 

As  has  been  indicated,  methods  have  been  used  for  the 
determination,  by  volumetric  processes,  of  silicon  fluoride. 
First,  the  method  of  Peniield,  which  depends  upon  the  collec- 
tion of  the  silicon  fluoride  in  an  alcoholic  solution  of  potassium 
chloride  and  the  titration,  without  removal  of  the  precipitated 
potassium  fluosilicate,  of  the  hydrochloric  acid  set  free.  It  is 
assumed  that  in  the  alcoholic  solution  the  fluosilicic  acid  and 
potassium  fluosilicate  are  not  appreciably  hydrolized  and  that 
ammonia  may  exactly  neutralize  the  hydrochloric  acid  without 
attacking  the  precipitated  potassium  fluosilicate.  Cochineal  is 
used  as  the  indicator. 

3SiF,  +  4H,0  4-4KCl  =  2K,SiF.  +  SiO  H^4-4IIC1 
NHpH  +  HCl  =  NH,Cl4-H,0 

The  second  method  of  titrating  the  silicon  fluoride,  resem- 
bling that  of  Penfleld,  except  that  standard  sodium  hydroxide 
or  potassium  hydroxide  is  employed  instead  of  ammonium 
hydroxide  in  titrating  the  free  acid,  which  is  the  method  of 
BuUnheimer*  and  used  by  Treadwell  and  Koch,f  involves  very 
similar  reactions. 

3SiF,  +  4H,0-f4KCl  =  K,SiF,H-SiOJI,  +  4HCl 
NaOH  +  HCl  =  NaCUII^O 

The  third  method,  that  of  Offerman,J  differs  from  the  pre- 
ceding methods  in  this  respect,  that  the  silicon  fluoride  is 
allowed  to  act  upon  water  and  the  fluosilicic  acid  and  hydro- 
fluoric acid  thus  formed  are  acted  upon  by  standard  potassium 

♦  Zeitschr.  Aiigew.  Chem.  101,  1901. 
t  Zeitschr.  Anal.  Chem.  .xliii,  444,  1904. 
X  Zeitschr.  Angew.  Chem.  015,  1890. 
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hydroxide  to  the  point  of  complete  hydrolysis  of  the  flnosili- 
eate  to  the  condition  of  a  fluoride. 

8SiF,  +  4H,0  =  2H,SiF.-hSiO,H, 
H,SiF.  +  6KOH  =  6KF  +  SiO,lI,  +  2H,0. 

According  to  this  process  the  amount  of  the  standard  alkali 
used  is  three  times  as  great  as  that  used  to  the  end  reaction  of 
the  preceding  process.  According  to  a  fourth  method  advo- 
cated by  Tammann*  and  useful  when  fluorides  are  to  he  deter- 
mined in  the  presence  of  carbonates,  the  potassium  fluosilicate 
is  precipitated  and  separated  with  precautions  and  titrated  by 
itself  with  standard  potassium  hydroxide  to  the  point  of  forma- 
tion of  potassium  fluoride  and  silicic  acid. 

K,SiF,  +  4K0H  =  6KF  +  SiO,H, 

This  process  is  essentially  similar  to  the  second  process  so 
far  as  concerns  the  reaction  involved,  but  only  two  units  of  the 
alkali  used  for  neutralization  are  of  the  standard  alkali.  For 
the  present  purpose  therefore,  it  will  suflSce  to  compare  the 
first  three  methods  as  to  the  degree  of  agreement  between 
individual  results,  and  between  the  averages  and  the  processes. 
For  this  purpose  measured  portions  of  a  solution  of  nuosilicic 
acid  were  treated  according  to  the  methods  described  and  the 
results  are  recorded  in  the  following  table : 


Table  I. 

Titration  in  Alcoholic  Solntion 

. 

(According  to 

(According  to 

Pen  field.) 

Bullnheimer.) 

Standard        Standard 

Standard 

Fluorine 

HaSiFe 

NH4OH            KOH 

NaOH 

Found.       Average 

cms. 

cnij.                cmj. 

cms. 

grm.            grm. 

25 

7-3                  

M  w  «  w 

0-U38  ^ 

25 

7-:}                

•  *  «*  « 

0-1433 

25 

7-27 

>   »    ^  * 

0-1426 

\  0-1428 

25 

7  23              

*  ■•  *  * 

0-1429 

25 

7-29               

.   *  •  . 

0-1431   J 

25 

10-67 

•  •  —  » 

0-1412 

25 

10-72 

•    —  •   «• 

0-1419 

25 

10-64 

m     ^     ^     ^ 

0-1408    )-  0-1411 

25 

10-67 

«      •     —     • 

0-1412 

25 

10-60 

.... 

0-1403 
• 

25 

•■MM«                            «•■>■* 

911 

0-1416  ^ 

25 

««M«                            •••  — 

9-12 

0-1418 

25 

.*•«                            —  «.—  * 

9-07 

0-1410 

>  0-1415 

25 

«.•*                            «*•* 

9-10 

0-1414 

25 

9-12 

0-1418 

♦  Zeitschr.  Anal.  Chem.  xxiv,  328,  1885. 
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The  differences  between  the  amounts  of  fluorine  indicated 
by  the  individualdeterminations  in  any  one  of  these  processes 
are  generally  slight.  The  averages  of  the  determinations  by 
potassium  hydroxide  and  sodium  hydroxide  are  very  close 
together,  being  0-1411  grams  and  0*14:15  grams  of  fluorine. 
The  average  of  the  titrations  by  ammonium  hydroxide  is  a 
little  higher,  namely,  0*1428  grams.  That  the  differences 
between  these  averages  are  due  to  gradual  variations  in  the 
reading  tint  is  shown  by  a  comparison  of  three  titrations  as 
nearly  simultaneous  as  possible,  in  which  the  greatest  care  was 
taken  to  bring  all  to  the  same  tint  at  the  final  reading. 

Table  II. 

Comparison  of  Simaltaneons  Titrations  in  Alcoholic  Solution. 

Solution  nsed.  Fluorine  Found, 

cms.  grm. 

Titration  by  NH.OH  7*2  0-1414 

Titration  by  KG H  10  71  0*1418 

Titration  by  NaOH  9*13  01419 

So  it  appears  that  the  results  obtained  are  practically  the 
same  by  the  three  processes  of  neutralization  applied  to  a 
solution  of  fluosilicic  acid.  But  it  is  to  be  observed  that  all 
are  possibly  subject  to  a  common  and  constant  error  due  to  the 
presence  of  hydrofluoric  as  well  as  fluosilicic  acid.  If  the 
former  acid  is  present  it  tends  to  raise  the  apparent  value  of 
the  latter. 

With  these  results  of  titrations  in  alcoholic  solution  are  to 
be  compared  the  results  obtained  by  the  method  of  titration 
in  the  water  solution  (in  which  the  fluosilicate  is  completely 
converted  to  fluoride),  recorded  in  the  following  table : 


Tart.e  III. 

Titrations  of  Fluosilicic  Acid  in  Water  Solution. 

(According  to  Oflferman.) 

HaSiF^ 

Standard          Standard            Fluorine 

Taken 

fCOH                INaOH               Found.       Average 

cms. 

cms.                   cms.                   grm.            grm. 

25 

30-9                  0-1358] 

80-8                  ....                 0-1353    .   o.,35. 
30-9                  ....                 0-1358    f  "  '^""^ 

25 

25 

25 

30-79               01353 

25 

26-2                 0-1357  ^ 

25 

26-15              0-1355 

26 
25 

26-25              0-1360 

26-2                 0-1357 

y  0-1358 

25 

26-13               0-1354 

25 

26-14              0*1354 
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It  is  obvious  that  the  process  of  titrating  fluosilicic  acid  in 
water  solution  yields  uniform  indications,  both  with  potassium 
hydroxide  and  sodium  hydroxide,  but  that  the  values  for  fluo- 
rine are  very  much  below  those  of  the  titrations  in  alcoholic 
solution.  And  tliis  would  be  the  case  if  the  solution  of  fluo- 
silicic acid  contains  hydrofluoric  acid  as  is  natural. 

In  the  analytical  process  in  which  silicon  fluoride  is  passed 
into  the  alcoholic  solution  of  potassium  chloride  the  forma- 
tion of  hydrofluoric  acid  is  likely  to  be  at  a  minimum  and  so 
the  titration  of  the  hydrochloric  acid  set  free  in  this  meta- 
thesis should  indicate  closely  the  actual  amount  of  fluorine 
present.  If,  however,  the  silicon  fluoride  is  passed  into  water 
instead  of  into  this  alcoholic  solution  of  potassium  chloride,  it 
is  necessary  to  titrate  together  the  products  of  action,  fluo- 
silicic acid  and  hydrofluoric  acid,  to  the  point  of  formation  of 
the  alkali  fluoride,  in  order  that  the  indication  may  be  correct. 

The  action  of  ammonium  hydroxide  upon  fluosilicic  acid  in 
water  solution  proves  to  be  comparable  with  that  of  sodium 
hydroxide,  and  inferentially  with  that  of  potassium  hydroxide, 
though  the  hydrolysis  of  the  fluosilicate  appears  to  be  not 
quite  so  complete.  In  the  table  are  given  the  results  of  com- 
parative titrations. 


Table 

IV. 

H,SiF„ 

NH4OH 

Fluorine 

Fluorine  four 

taken 

[lcm»-000654 

7J 

found  by  NH4OH 

NaOH 

cnr*. 

cm^. 

grm. 

grm. 

25 

31-04 

0*2030 

0-2057 

25 

31  00 

0-2030 

0-2057 

10 

12-39 

0  0811 

0-0823 

10 

12-42 

0-0816 

0-0823 

10 

12-42 

0-0811 

0-0823 

The  following  expression  represents  the  reaction  : 

ONIipH  +  ILSiF.  =  6NH,F  +  8i(OH),  +  2H,0 

When  silicon  fluoride  is  passed  into  water  containing  ammo- 
nium hydroxide,  as  is  suggested  in  Liversidge's  method  for  the 
analysis  of  fluorides,  it  is  obvious  that  nearly  complete  hydrol- 
ysis must  take  place,  with  formation  of  silicic  acid  precipi- 
tated or  colloidal,  according  to  the  equation 

SiF,4-4XnX)II  r=  4NII,F4-Si(OH),. 

According  to  Liversidge,  ])otassium  fluosilicate  may  be  thrown 
down  by  addition  of  potassium  chloride  and  alcohol,  after  dis- 
solving the  precipitated  silica  by  heating  the  ammoniacal 
liquid.  In  my  experience,  it  has  never  been  possible  to  thus 
dissolve  all  the  silica,  and  the  precipitate  obtained  by  adding 
potassium   chloride,  with   or  without  alcohol,  appears  to    be 

*Cliem.  News  xxlv.  266. 
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silica  thrown  out  of  its  colloidal  solution  by   addition  of  the 
electrolyte. 

The  Elimination  of  Silicon  Eluoride, 

As  to  the  sources  of  error  due  to  imperfect  elimination,  and 
collection,  of  silicon  fluoride,  we  have  the  testimony  of  the 
several  investigators  already  quoted.  The  importance  of  usiuff 
the  fluoride  in  the  finest  state  of  division,  of  having  the  sul- 
phuric acid  of  highest  strength,  of  properly  absorbing  the 
vapors  of  sulphuric  acid  evolved  from  the  decomposition  flask, 
and  of  using  quartz  for  the  silicon  dioxide  in  the  decomposi- 
tion flask,  have  all  been  emphasized.  Many  forms  of  appara- 
tus have  been  employed  and  the  results  have  varied  widely, 
errors  of  from  0*0010  grams  to  0*0050  grams  in  the  determina- 
tion of  fluorine  by  absorption  and  weighing  of  silicon  fluoride 
being  not  uncommon. 

At  the  outset  of  the  work  to  be  described,  an  investigation 
was  made  as  to  the  limit  of  error  likely  to  occur  in  the  use  of 
simple  apparatus  and  sulphuric  acid,  prepared  by  heating  to 
the  fuming  point,  for  about  a  half  hour.  The  silicon  fluoride 
evolved  was  estimated  by  absorption  in  an  alcoholic  solution  of 
potassium  chloride  following  the  method  of  Penfield,*  and  the 
hydrochloric  acid  set  free  was  estimated  by  standard  potassium 
hydroxide. 

The  apparatus  employed  consisted  of  the  following  parts : 
Fii'st,  there  was  an  apparatus  for  purifying  the  air  current  by 
passing  it  through  a  sulphuric  acid  wash  bottle  and  two  large 
drying  cylinders  containing  fused  calcium  chloride  at  the  bot- 
tom and  soda  lime  at  the  top ;  second,  a  100'"'*  decomposition 
flask  provided  with  a  doubly  perforated  rubber  stopper, 
through  which  passed  a  glass  tube  from  the  drying  cylinders 
to  the  bottom  of  the  flask,  while  another  tube,  leading  from 
this  decomposition  flask,  was  joined  to  a  large  empty  U-tube 
intended  to  condense  any  sulphuric  acid  which  might  be 
carried  from  the  decomposition  flask.  Third,  connected  with 
the  outer  limb  of  the  IJ-tube  for  condensing  sulphuric  acid 
was*  an  absorption  system  similar  to  that  described  by  Burk.f 
It  consisted  of  a  test  tube  34""  in  length  and  2*""'  in  diameter, 
containing  a  few  cm'  of  mercury  into  w^iich  extended  a 
delivery  tube  with  a  capillary  opening.  The  test  tube  was 
placed  at  an  angle  to  diminish  the  pressure  throughout  the- 
system. 

Before  making  a  determination,  the  apparatus  was  tirst  care- 
fully dried.  The  ai)sorption  tube  was  tilled  with  a  saturated 
solution  of  potassium  chloride  in  50  per  cent  alcohol,  and  the 
material  to  be  analyzed,  weighed  on  a  watch  glass,  was  trans- 

*  Am.  Chem.  Jour.,  i,  27. 

f  Jour.  Am.  Chem.  Soc.  xxiii,  825  (1901). 
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ferred  to  the  decomposition llask  through  a  funnel  with  a  short 
neck.  To  the  material  were  added  fifteen  times  it«  weight  of 
ignited  quartz  sand  and  50^™'  of  sulphuric  acid  which  had  been 
previously  heated  strongly  and  cooled  in  a  desiccator.  To  an 
iron  plate  supporting  the  decomposition  flask,  heat  was  applied 
by  a  burner  and  regulated  so  that  a  flask  of  sulphuric  acid 
placed  where  it  received  the  same  amount  of  heat  as  the 
decomposition  flask  should  have  a  temperature  of  between 
150°  and  160°.  During  the  heating  a  slow  current  of  air  was 
passed  through  the  apparatus.  In  the  reaction  in  the  decom- 
position flask  hydrofluoric  acid  was  generated  which  acting  on 
the  silica  formed  silicon  fluoride.  In  the  absorption  tubes 
silicon  fluoride  acted  on  water  according  to  the  following 
equation : 

3SiF,  +  4H,0  =  2H,SiF.  +  SiO,H, 

In  the  presence  of  potassium  chloride  and  alcohol  the  fluosil- 
icic  acid  was  precipitated  as  potassium  fluosilicate,  and  a  corre- 
sponding amount  of  hydrochloric  acid  set  free. 

H^SiF.-hKCl  =  K,SiF,  +  2HCl. 

The  hydrochloric  acid  was  then  titrated  with  a  standard 
potassium,  hydroxide  solution,  using  cochineal  as  an  indicator. 

A  series  of  experiments,  carried  out  in  the  manner  described, 
was  made  with  ordinary  pulverized  fluorite.  The  heating  was 
continued  in  every  case  above  the  time  limit  of  two  hours. 
All  gas  bubbles  had  disappeared  from  the  acid  mixture,  which 
fact,  according  to  Fresenius*  and  Offerman,f  shows  that  the 
decomposition  is  complete. 

The  time  required  to  decompose  fluorite  is  stated  by  Penfield 
to  be  two  hours  for  0*2  to  1*0  grams ;  by  Fresenius  two  hours 
for  0*1  gram  and  four  hours  for  1*0  gram. 


Table  V. 

Theory 

Found 

Error 

CaF, 

Silica 

KOH 

Fluoiine 

Fluorine 

Fluorine 

gi-amB. 

grams. 

cm^. 

McniS  — 

grams. 
=  001045F.) 

grams. 

grams. 

1. 

0-5000 

7-0 

22-7 

0-2432 

0-2372 

—  OOOGO 

2. 

0-5000 

7-0 

22-56 

0-2432 

0-2357 

—  0-0075 

3. 

0-5000 

7-0 

22-7 

0-2432 

0-2372 

—  0-0060 

4. 

0-5000 

7-0 

23- 15 

0-2432 

0-2419 

—  0-0013 

5. 

0-5000 

7-0 

22-4 

0-2432 

0-2340 

-0-0092 

6. 

0-5000 

7-0 

21-7 

0-2432 

0-2277 

—  00155 

>7 

0-5000 

7'0 

22* 

0-2432 

0-2299 

—  0-0133 

8. 

0-5000 

7  0 

21-7 

0-2432 

0-2267 

—  0-0166 

9. 

05000 

7  0 

22-5 

0-2432 

0-2351 

—  0-0081 

*: 

Seitficlir.  Anal. 

Chera., 

VI,  190. 

f  Loc. 

cit. 
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The  cause  of  the  variation  in  the  results,  and  of  the  occa- 
sionally very  large  errors  in  the  above  series  of  experiments, 
was  not  apparent  at  the  time  when  the  experiments  were  made, 
but  reference  will  be  made  to  this  later. 

Crystals  of  fluorite,  perfectly  clear  and  of  a  pale  green  color, 
were  next  tried.  The  powdered  mineral  on  treatment  with 
sulphuric  acid  yielded  the  theoretical  amount  of  calcium 
sulphate. 

Table  VI. 


Fluorine 

Fluorine 

Flourine 

Tem- 

CaFa 

KOH 

Theory 

Found 

Error 

Time 

pera- 

grams. 

cm' 

grams. 

grams. 

grams. 

hours. 

ture. 

(lc»  =  0  01045  Fluorine.) 

1. 

0-5000 

21^77 

0-2432 

0-2274 

—  0-0158 

6 

)  150° 

2. 

0-5000 

22- 

0-2432 

0-2299 

—  0-0133 

6 

1  160° 

3. 

0-5000 

31-77 

0-2432 

0-2274 

—  0-0158 

3-25' 

4. 

0-5000 

23-6 

0-2432 

0-2466 

—  0-0034 

6 

5. 
6. 

0-5000 
0-5000 

22-15 
22-19 

0-2432 
0-2432 

0-2314 
0-2318 

—  00118 
-0-0114 

6 
6 

^180° 

7. 

0-5000 

19-37 

0-2432 

02014 

—  0-0418 

6 

8. 

0-5000 

16-2 

0-2432 

0-1692 

-0-0740 

3 

9. 

0-5000 

22-2 

0-2432 

0-2325 

—  0-0107 

\ 

boil- 

0. 

0-5000 

21-25 

0-2432 

02220 

—0-0212 

.        ( 

ing. 

In  experiment  (1)  above,  the  heating  was  continued  for  six 
hours  at  150-160°.  In  experiment  (2)  the  powdered  mineral 
was  fused  with  sodium  carbonate  and  the  mixture  transferred 
to  the  decomposition  flask.  In  experiments  2-8  above,  the 
temperature  was  raised  as  high  as  180°,  while  the  empty 
U-tube  was  immersed  in  a  freezing  mixture  of  salt  and  ice. 
Blank  determinations  showed  that  some  sulplmric  acid  was 
carried  over  under  these  conditions.  In  experiments  (9)  and 
(10)  the  acid  was  heated  to  boiling  and  allowed  to  cool  before 
the  air  current  was  passed  through. 

The  effect  of  precipitated  silica  instead  of  .quartz  sand  was 
next  tried.  In  experiment  (1)  the  silica  was  air  dried  ;  in  (2) 
it  was  strongly  ignited. 


1. 

2. 


1 

Iable  VII. 

Theory 

Found 

Error 

CaF, 

Silica 

KOH 

Fluorine 

Fluorine 

Fluorine 

grams. 

grams. 

cm'^ 

gxams. 

grams. 

grams. 

0-5000 

7-0 

6-4 

0-2432 

0-0608 

0-1764 

0-5000 

7-0 

21-2 

0-2432 

0-2215 

0-0217 

These  experiments  indicate  that  the  small  amount  of  water 
in  the  air  dried  silica  may  cause  j^reat  deficiency  in  the  fluorine 
found,  and  suggests  the  idea  that  even  the  amount  of  water 
produced  in  the  reaction  involving  the  sulphuric  acid,  *^'^ 
fluoride  and  silicon  dioxide  may  be  the  occasion  of  trouble. 


the 
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A  Specialty  Devised  Apparatus  for  wje  at  Sigh  Temperatures. 
Owiiifi  to  tlie  lack  of  success  with  the  silicon  flaoride  pro- 
cessee  in  which  the  decomposition  wsr  effected  at  temperatures 
between  ISO^-lfiO",  an  attempt  was  made  to  devise  a  simple 
and  convenient  form  of  apparatiis  in  which  the  acid  mixture 
might  be  heated  to  boiling  to  facilitate  the  removal  of  the 
silicon  rtuoride  to  the  absorption  system. 


After  a  number  of  experiments  with  this  end  in  view  the 
following  model  of  apjiaratiih  was  found  to  be  the  most  satis- 
factory: a  glass  stopper,  made  by  drawing  out  a  glass  tube 
1™  in  diameter  and  sealing  a  small  glass  tube  ou  each  end,  is 
gromid  into  a  70'""  side  neck  flask.  To  one  end  is  sealed 
a  glass  stop-coek.  The  other  end  extends  to  the  bottom 
of  the  flask.  The  side  nock  is  sealed  to  a  Voit  flask.  The 
length  of  the  tube  between  the  two  flasks  is  17™,  and  it  is 
bent  at  right  angles,  12™  from  the  Voit  flask.  The  tube  lead- 
ing from  tlie  Voit  flask  enters  a  large  emptyU-tube  through 
a  rubber  stopper.  A  tnlie  from  the  other  limb  of  the  U-tubc 
enters  a  trap  loaded  with  |)liosplioriis  pentoxide.  A  rubber 
connection  joins  the  trap  with  the  delivery  tube  of  the  absorp- 
tion apparatus  described  above.  Counected  witli  the  absorp- 
tion tube  is  a  pressure  regulator.  This  consists  of  a  T-tube, 
one  opening  oi  which  enters  a  test  tube  of  mercury  through 
a  nibl;er  stopper.  Another  perforation  is  closed  with  a  glass 
tube  which  may  be  raised  or  lowered  in  the  mercury.  The 
third  opening  of  the  T  leads  to  the  aspirating  pump. 

Preitaratory  to  making  a  determination  the  ap|>aratU8  is 
carefnllv  dried.  The  tip  of  .the  delivery  tube  is  then  placed 
beneath  the  surface  of  the  mei-criry  in  the  absorption  tube  and 
distilled  water  is  added,  care  being  taken  that  cnongh  space 
remain  for  the  rise  in  level  when  air  bubbles  are  in  the  liquid. 
The  pressure  regulator  is  then  connected  with  the  absorption 
tube  and  adju^ited  so  that  a  rise  of  pressure  in  the  apparatus 
should  be  relieved  but  no  appreciable  vacuum  created.  The 
U-tnbe  is  then  inmiersed  in  a  vessel  of  cold  water  and  connected 
with  the  trap,     Next,  the  mineral,  together  with  quartz  powder 
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to  about  three  times  the  weight  of  the  fluorine  present,  is 
transferred  to  the  decomposition  flask.  Next,  enough  sul- 
phuric acid  to  seal  the  delivery  tube  from  the  side  neck  flask 
18  introduced  into  the  Voit  flask.  The  two  flasks  are  then 
tilted  so  that  the  acid  should  moisten  the  connecting  tubes  to 
the  bend.  About  40^™'  of  sulphuric  acid  and  several  capillary 
tubes  1™"'  in  diameter  sealed  1""  from  an  open  end  and  at  the 
other  end*  to  prevent  bumping,  are  added  to  the  decomposi- 
tion flask,  and  the  stopper  quickly  replaced  and  sealed  with  a 
drop  of  sulphuric  acid.  The  acid  used  above  had  been  boiled 
for  half  an  hour  and  a  current  of  dry  air  passed  through  on 
cooling.  A  thin  strip  of  asbestus  is  wrapped  about  the  neck  of 
the  flask,  and  the  stop-cock  having  been  closed,  the  bulb  is 
heated  in  a  radiator  whose  top  is  covered  with  a  sheet  of 
asbestus  matting. 

When  heat  is  applied  in  the  process,  bubbles  of  gas  are  given 
off,  the  solid  material  rises  to  the  surface,  and  during  the 
course  of  the  heating  an  oily  film  gathers  on  the  upper  part 
of  the  flask  and  in  the  delivery  tube.  On  boiling,  this  film  is 
replaced  by  a  white  deposit  which  recedes  before  the  acid 
vapors.  The  success  of  the  determination  depends,  as  was 
found,  on  the  removal  of  this  deposit.  When  tlie  acid  vapors 
have  penetrated  the  length  of  the  tube  leaving  it  clear  or 
translucent,  the  decomposition  is  complete,  and  the  stop-cock 
having  been  opened,  tlie  side  neck  flask  is  cooled  to  about  75°. 
A  current  of  purified  air  is  drawn  through  the  apparatus, 
slowly  at  first  and  then  more  rapidly.  About  six  liters  are 
necessarv  to  remove  the  last  trace  of  silicon  fluoride. 

Daniels't  suggestion  that  the  deposit  mentioned  above  is  a 
polymer  of  SiF^  appears  unwarranted.  It  seems  more  proba- 
ble that  this  is  a  product  of  partial  hydrolysis  of  silicon  flu- 
oride by  the  action  of  water  generated  in  the  action  of 
sulphuric  acide  on  the  fluoride,  as  suggested  above,  the  process 
of  forming  and  hydrolyzing  silicon  fluoride  being  repeated  until 
the  water  is  finallv  absorbed  in  the  cold  acid  of  the  Voit  flask. 

If  it  happens  that  the  acid  mixture  bumps  before  the  decom- 
position is  complete,  some  of  the  deposit  may  become  dis- 
lodged from  the  tube  and  remain  undecomposed  in  the  Voit 
flask.  Bumping  also  renders  it  difticult  to  boil  the  acid  vapors 
through  the  delivery  tube.  On  this  account  the  tube  between 
the  two  flasks  should  be  as  short  as  is  practicable.  Unsatis- 
factory results  were  obtained  when  the  tube  was  about  one- 
half  longer  than  the  dimensions  given  above.  If  the  acid  tends 
to  suck  back  from  the  Voit  flask,  it  is  arrested  by  opening  the 
stop-cock  for  a  moment  to  relieve  the  vacuum.  If,  at  this  point 
of  the  experiment,  the  pressure  regulator  should  not  be 
adjusted  properly,  acid  vapors  would  be  drawn  through  the 

*  Scudder,  J.  Am.  Chem.  Soc,  xxv.  p.  113. 
f  Zeitschr.  Anorg.  Chem.  xxxviii,  257. 
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apparatus  into  the  absorption  tube.  The  decomposition  is 
ended  in  fifteen  to  forty  minutes.  The  delivery  tube  is 
waslied  and  the  absorption  solution  transferred  to  a  flask  and 
titrated  with  sodium  hydroxide*  from  an  alkali  burette,  with 
phenolphthalein  as  an  indicator,  according  to  the  method  of 
Offerman,  the  third  method  referred  to  above. 

II,SiF„  +  6NaOH  =  6NaF  +  Si(OH),  +  2H,0 

The   following  series  of  results  was  obtained  according  to 
the  method  on  timed  above. 


Table  VUl. 

Theory 

Found 

Error 

CaF, 

Quartz 

Na.OH 

Fluorine 

Fluorine 

Fluorine 

grams. 

grams. 

cm. 

grms. 
0-005123F.) 

grms. 

grms. 

1. 

0-3000 

0-4 

28-2 

0-1459 

0-1444 

—  0-0015 

2. 

0-3000 

0-4 

28-35 

0-1459 

01452 

—  0-0007 

3. 

0-3000 

0-4 

28-34 

0-1459 

0-1451 

—0-0008 

4. 

0-3000 

0-4 

23-5 

0-1215 

0-1203 

—  0-0012 

5. 

0-3000 

0-4 

28  3 

01459 

01419 

—  0-0010 

6. 

0-3000 
NaF. 

0-4 

28-37 

0-1459 

0-1453 

—    -0006 

7. 

0-3000 

0-4 

26-2 

0-1356 

0-1342 

—  0-0012 

8. 

0'3000 

0-4 

26-44 

0-1356 

0-1355 

—  0-0001 

9. 

0-3000 

0-4 

26-46 

0-1356 

0-1366 

—    -0000 

10. 

0-3000 

0-4 

26-3 

0-1356 

0-1347 

-0-0009 

11. 

0-3000 

0-4 

26-34 

0-1356 

0-1349 

-0-0007 

12. 

0-3000 

0-4 
Ignited 

26-3 

0-1356 

0-1347 

—  0-0009 

Silicic  acid 

l:^. 

0-3000 

0-4 
Quartz 

26-29 

01356 

0-1346 

—  0-0010 

14. 

0-3000 

0-4 

26-3 

0-1356  • 

01347 

—0-0009 

Ca 

=  40-1 

Na  =  23-04  F— 19 

(         erroi 

•  —  0-0008) 

With  the  apparatus  described  above,  in  which  the  sulphuric 
acid  in  the  decomposition  flask  may  be  boiled,  the  silicon 
fluoride  formed  passes  rapidly  to  the  absorption  system,  other 
products  of  partial  hydrolysis  of  silicon  fluoride  formed  in  the 
flask  or  tube  are  ultimately  reconverted  to  silicon  fluoride,  aud 
regular  results  of  a  fair  degree  of  accuracy  are  obtained.  In 
all  the  experiments  above  except  (6)  and  (14)  phosphorus  pen- 
toxide,  about  20  grams  was  introduced  into  the  decomposition 
flask,  the  purpose  being  to  retain  water  formed  in  the  reaction. 
The  results  of  the  experiments  specifically  mentioned  show, 
however,  that  phosphorus  pentoxide  in  the  flask  is  not  essential. 
In  three  blank  experiments,  where  the  acid  in  the  decom- 
position flask  was  heated  to  boiling,  amounts  of  acid  in  each 
case  e(]uivalent  to  0-0002  grams  of  fluorine  were  found  in  the 
absorption  solution  ;  the  above  results  therefore  are  subject  to 
this  trifling  error. 

*Ku8ter,  ZeitBchr.  Anorg.  Chem.  xli,  475. 


C.  Barns — Drop  of  Pressure  in  Fog  Chamber.  339 


Art.  XXXII. — Note  on  the  Actual  Drop  of  Pressure  in  the 

Fog  Chamber  ;  by  C.  Barus. 

1.  Thk  apparatus  for  condensation,  as  I  have  endeavored  to 
use  it,  consists  of  a  fog  chamber  in  communication  with  a 
vacuum  chamber  tlirougli  a  wi<le  stop-cock.  The  former  may 
be  put  in  connection  with  the  filter ;  the  latter  with  the  air 
pump.  It  is  necessary  to  wait  between  operations,  all  observ- 
ing being  done  at  the  same  temperature.  In  this  case  the 
isothermal  value  of  the  drop  of  pressure  cannot  be  read  off  at 
the  fog  chamber  (as  I  supposed  it  could,  nearly),  however 
rapidly  the  cock  is  closed  after  exhaustion  ;  but  it  may  be 
computed  from  the  initial  pressures  of  the  isolated  fog  and 
vacuum  chambers  before  exhaustion,  and  the  final  pressure 
wlien  the  vessels  are  in  communication  after  exhaustion,  if  the 
ratio  of  volumes  of  the  vessels  is  known. 

2.  Let  V  be  the  volume  of  the  fog  chamber,  V  the  volume 
of  the  vacuum  chamber,  k/c  the  ratio  of  specific  heats  of  the 
gas  (moist  or  dry  as  required);  let/?,  i»,  t,  p,  denote  its  pres- 
sure, volume,  absolute  temperature  and  density  under  condi- 
tions given  by  the  subscripts.  It  will  be  convenient  to 'refer 
to  the  vacuum  chamber  by  the  same  symbols  with  accents. 
Hence  the  thermal  states  will  be  for  dry  air. 

For  the  For  the 

Fog  chamber.  Vacuum  chamber. 


.^»s_ 


Initiall}' P  "^  p  P'  .t'=t  p' 

Adiabatically  (alone)  .  jt?,  t,  p,  p^'z=zp^  t/  p/ 

Isothermally  (alone)  ..  jt?5  t.^=t  p.,=p,  p^  ^/^'t  p^=p,' 

Isothermally  (together)  ;>,  t,=t  p^  P^-P:,  -rj^r,  p,'=p. 

The  equations  describing  the  transformations  are  (for  dry 
air) 

(t/t,)  =  (;> />,)(^-)A-  (r/r.')  =  (// /;>.)^*-)/^-  (1) 

p  =  Bpr  p'  =  Rpr  (2) 

/>.=  ^p.^  p\=^p\r: 

p^-Rp,T  2^Jp\  =  pJp\ 

pv+p'V=p^v+p\V=p.,v^p\V=p,{v+V)        (3) 

From    these   one   may    deduce  relative    to   the  value  of  p^ 


{ 
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where  p^  p%  p^.  are  observable  with  certainty.  While  eqnation 
(5)  is  variously  useful  in  checking  the  results,  it  does  not 
admit  of  the  individual  determination  of  p^  andp\.  For  tliis 
purpose,  however,  tlie  equations  (1)  and  the  second  and  third 
of  group  (2)  are  available,  with  the  results  (for  dry  air) 

p^  =Jyk-r^/kpC/k  p'^  ^pUk-r,,kpr/k  (g) 

2^p^^'^  is  given  in  equation  (4). 

Using  tliese  equations  the  data  of  the  following  table  were 
computed  in  connection  with  incidental  results  tested  for  the 
purpose. 

Table. — Pressures  p(cm)  and  temperatures  i  ('C.)  at  the  fog  and  vacoom 
chambers,  the  latter  marked  with  an  accent. 


p 

P' 

Pt 

Pi' 

Pi 

P« 

P'% 

P'lj 

^ 

t\ 

76 

43-5 

45-5 

47-9 

45-7 

62-9 

45-0 

45-6 

—  20-2 

24-3 

76 

51-5 

52-5 

.i4-3 

52-4 

58-3 

521 

M  *   w 

-    99 

215 

76 

59-5 

59-7 

62-2 

59-4 

63-8 

59-4 

-      -2 

20- 

3.  The  pressures  of  the  table  are  computed  for  dry  air 
throughout  and  if  charted  in  terms  of  />',  graphically,  are 
found  to  lie  very  nearly  on  straight  lines.  The  results  of  the 
table  are  very  important.  In  the  first  place  it  will  be  seen 
not  only  that  isothermal  pressures  or  nearly  isothermal  pres- 
sures are  not  observed,  but  that  the  effect  of  the  vacuum 
chamber  is  preponderating.  Thus  the  pressure  at  the  latter 
jt>/,  read  off  as  soon  as  possible  and  nominally  adiabatic,  is 
within  one  millimeter  of  p^.  Similarly  the  computed  adia- 
batic pressure  y^,  is  within  a  few  millimeters  of  p^"  and^?,.  It 
follows,  therefore,  that  even  an  approach  to  isothermal  pres- 
sure, to  say  nothing  of  adiabatic  pressure,  cannot  be  observed 
at  the  fog  chamber  at  all ;  or  that  before  the  exhaust  cock 
can  be  closed  again  the  vacuum  chamber  has  practically 
regained  its  isothermal  pressure  b}^  cooling  and  that  the  fog 
chamber  is  further  exhausted  by  a  corresponding  amount. 

The  pressure  /?/  =  j9^,  observed  under  isothermal  conditions^ 
at  the  fog  ('hamber,  exceeds  j9,  (computed)  by  about  I'O'*™  on 
the  average,  which  might  be  regarded  as  the  average  vapor 
pressure  of  water  at  the  temperature  at  which  the  observation 
was  made.  Leaving  this  for  further  consideration,  the  final 
result  of  importance  is  the  following :  p^  the  computed  isother- 
mal pressure  in  the  closed  fog  chamber  is  from  2  to  5*^™  above 
the  (nominally)  isothermal  pressure  y>/ = /?,  observed:  and 
correspondingly  more  than  this  above  tlie  common  isothermal 

*  Observed  as  soon  as  possible  after  exhaustion  at  the  closed  fog  chamber. 
f  Observed  as  soon  as  possible  after  exhaustion  at  the  vacuum  chamber, 
stop  cock -closed  at  once  after  exhaustion. 
X  This  pressure  varies  but  slightly. 
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value  jp,  usually  taken.  For  the  regiou  in  which  colloidal 
nuclei  lie  the  correction  will  be  6  to  8*^™.  Now  this  is  in 
excess  of  the  difference  between  the  pressure  regions  in  which 
Wilson's  data  for  colloidal  nuclei,  as  reduced  elsewhere,*  and 
the  region  in  which  my  own  data  as  summarised  heretofore, 
would  lie. 

In  other  words,  the  data  in  my  large  coronal  apparatus  lie  in 
regions  of  exhaustion  at  least  as  moderate  as  those  observed 
in  Wilson's  small  apparatus ;  or  the  two  types  of  apparatus 
comparing  efficiency  if  the  drop  of  pressure  taken  is  in  my 
case  not  the  (apparent)  experimental  value,  but  that  deduced 
for  the  computed  isothermal  pressure  j?,  of  the  fog  chamber  as 
above  explained. 

4.  For  the  case  of  air  saturated  with  water  vapor  in  both 
chambers,  all  pressures  must  be  reduced  by  the  corresponding 
vapor  pressure,  tt  of  water,  except  p\^  when  the  vapor  is 
slightly  superheated.  Apart  from  this,  the  equations  take  the 
above  form,  though  special  computation  is  needed,  since  a  dif- 
ferent initial  pressure  (/>— tt)  enters.  So  computed,  the  rela- 
tion between  the  observed  drop  of  pressure  j^—y?,  and  the  com- 
puted drop  j!>— ^,  was  found  to  be 

{P-P,)/(P-1\)  =  •775 

and  very  nearly  constant  with  the  pressure  interval  involved. 
The  conclusions  as  to  efficiency  are  like  the  above. 

The  fact  that  a  limit  has  been  reached  for  condensations, 
within  the  given  type  of  fog  chamber,  may  be  considered  as 
proved,  apart  from  comparison  with  Wilson's  results,  since  for 
a  successively  increasing  drop  of  pressure  {p—pt\  no  matter 
whether  the  nuclei  are  relatively  large  like  the  ions  or  rela- 
tively small  like  the  colloidal  nuclei,  the  same  terminal  corona 
is  eventually  reached  in  both  instances.  Higher  exhaustions 
are  thereafter  powerless.  Finally,  since  the  colloidal  nuclei  in 
case  of  dust-free  air  saturated  with  alcohol  vaporf  are  larger 
than  in  case  of  water  vapor  (caet.  par.),  these  nuclei  must 
probably  be  associated  with  the  saturated  vapor,  the  gas  being 
but  secondarily  in  question. 

Brown  University,  Providence,  R.  I. 

*  Presidential  address  ;  Physicai  Review,  xxii,  1606,  p.  107. 
t  This  Journal,  August. 
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Art.  XXXIII. —  On  a  New  Method  for  Standardizing  the 
Coronas  of  Cloudy  Condensation  ;  by  C.  Barus. 

AssuMiiVG  that  for  ions  produced  within  the  fog  chamber 
the  rate  of  decay  in  the  lapse  of  time  t  is  as  the  square  of  the 
number,  or  that  1/n— 1/?^' =  6(^— r)  where  h  is  constant,  a 
few  incidental  attempts  were  made  to  compute  i,  when  tlie 
number,  7i,  of  nuclei  (ions)  is  expressed  in  thou^-ands  per  cubic 
centimeter.  The  table  gives  an  example  of  such  results, 
obtained  by  exhausting  the  fog  chamber  at  a  stated  time  ^,  after 
the  removal  of  radium.  If  tlie  drop  in  pressure  is  heloic  the 
coronal  fog  limit  of  air,  precipitation  takes  place  on  ions, 
only. 

Table. — Decay  curve.  Nucleation  observed  and  computed,  b  —  '0024 
relative  to  n  x  1()-'.  Radium  suddenly  removed  from  top  of  fog  chamber 
(glass)  and  exhaustion  made  t  sec.  thereafter,  ^p  =  23'*°  (below  the  coronal 
fog  limit  of  dust  free  air).     «/80  (nearly)  angular  diameter  of  coronas. 

(Computed  for 


f 

•s 

(observed) 

h  ==  0024) 

sec. 

cm. 

n  X  \Qr-\ 

H  X  10-». 

0 

5-9 

67 

67 

0 

5-0 

41 

37 

10 

4-6 

32 

26 

15 

4-0 

21 

20 

20 

3-5 

15 

16 

30 

3  3 

12 

12 

50 

2-9 

7 

7 

120 

1-7 

2 

3 

00 

1-0 

1 

For  the  first  five  seconds  i=  0019;  for  the  first  fifteen 
seconds  J  = '0022 ;  etc.,  values  obtained  ranging  from  '002  to 
•003.  This  is  larger  than  the  corresponding  electrical  datum, 
say  •0014,  when  n  is  given  in  thousands.  Decay  is  more 
rapid  than  the  equation  warrants.  Initial  coronas  are  too 
large,  final  coronas  too  small,  in  spite  of  the  presence  of  air 
nuclei,  the  number  of  which  should  be  deducted,  at  least  in 
])art.  Other  experiments  sliow  similar  coefiicients.  Natur- 
ally the  present  method  for  b  is  mucli  inferior  to  the  electrical 
method,  even  if  the  two  coefficients  are  identical ;  and  the  h 
here  is  obtained  under  possible  complications  with  the  larger 
gradations  of  tlie  colloidal  nuclei  of  dust  free  air,  though  these 
are  probably  inefficient. 

If  the  values  of  \/n  be  inserted  the  curves  should  be  linear 
since  \/n  =  l/n^  -f  ht  where  t  is  the  time  dated  since  the 
occurrence  of  ii^.  The  line  passing  through  the  observations 
at  5,  30,  50  seconds  is  best  adapted  to  represent  the  results,  and 
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from  it  6  =  '0024  {n  in  thousands  of  nuclei  per  cubic  centime- 
ter) may  be  roughly  assumed.  These  computed  values  of  n 
are  ^iven  in  the  table.  Shown  in  a  chart,  they  are  too  low 
initially  and  too  high  finally,  eveu  if  the  air  value  is  quite 
ignored ;  but  the  constant  probably  reproduces  the  true  con- 
ditions better  than  the  observation,  remembering  that  the  initial 
corona  {t  =  0)  is  not  quite  invariable. 

A  very  important  consequence  may  be  deduced  from  these 
results.  The  equations  specified  may  be  written  n^  =  {njn 
—  \)ht.  Hence  if  the  ratio  of  nucleations  or  of  ions  is  known 
(for  instance  by  my  method  of  geometric  sequences),  nJn  is 

fiven,  and  the  absolute  value  of  n^  may  be  computed  if  b  is 
nowMi.  Now  if  h  for  the  case  of  ions  may  be  taken  as  identi- 
cal with  the  value  found  in  electrical  experiments,  where  b  = 
•0014  roughly  and  relative  to  ionization  in  thousands, 

bn^  =  -0014;?/ 

0  0 

where  ?</  is  the  true  nucleation.  Thus  in  the  table  b  =  '0024, 
n^  =r  67-5  ;  therefore  n/  =  (•0024/-0014)  n^  or  115,000  nuclei  per 
cubic  centimeter,  instead  of  67,500  for  the  initial  corona. 
Quite  generally  if  nJn  and  b  are  determined  from  purely  coro- 
nal measurements 

5/ -0014 

is  the  reduction  factor  for  all  the  relative  nucleations  to  abso- 
lute value. 

Another  important  consequence  may  be  drawn :  If  the 
coefficient  is  known  from  direct  experiments,  it  will  then  be 
possible  to  standardize  the  residual  curve  (depressed  asymptote) 
leading  to  the  terminal  corona,  corresponding  to  groups  of 
nuclei  of  different  sizes  occurring  together. 

Moreover,  in  any  such  curve,  let  the  ordinates  denote  the 
computed  number  of  ions,  the  abscissas  denote  the  observed 
number  of  efficient  nuclei,  being  the  colloidal  nuclei  and  ions 
occurring  together  in  the  course  of  a  stated  time.  Then  the 
curve  gives  an  indication  of  the  distribution  of  the  precipi- 
tated water  on  the  two  groups  of  nuclei  different  in  size  and 
present  in  different  proportions,  for  the  given  supersaturation. 
Experiments  of  this  kind  are  of  the  highest  importance  and 
the  present  cursory  treatment  is  admitted  provisionally  in 
view  of  a  restandardization  of  the  coronas  of  cloudy  condensa- 
tion which  the  variety  of  results  since  obtained  has  made  nec- 
essary. 

Brown  University,  Providence,  R.  I. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1 .  Barium  Sub-oxide  and  the  Preparation  of  Metallic  Barium, 
— According  to  Winkler,  magnesium  reduces  the  alkaline  earth 
oxides,  but  he  was  unable  to  isolate  the  metals  from  the  resulting 
mixtures.  Guntz  has  now  repeated  Winkler's  experiment  with 
barium  oxide  and  magnesium  in  a  vacuum  at  a  high  temperature 
with  the  expectation  of  collecting  the  metallic  barium  by  distilla- 
tion. It  was  found,  however,  that  when  the  calculated  quantities 
of  the  substances  \vere  thus  treated  at  about  1 100°,  approximately 
one-half  of  the  magnesium  distilled  off  together  with  traces  of 
barium.  Upon  examination  of  the  residue  it  appeared  that  a  sub- 
oxide of  barium,  Ba^O,  had  been  produced.  This  forms  a  black 
fritted  mass,  the  properties  of  which  are  similar  to  those  of  metal- 
lic barium,  since  it  decomposes  water,  gives  Ba,N  with  nitrogen 
at  a  red  heat  an<l  at  the  same  temperature  yields  BaH,. 

When  aluminium,  a  non-volatile  metal,  was  used  in  place  of 
magnesium  in  the  experiment  mentioned  above,  it  was  found  that 
crystallized  barium  of  98*8  per  cefit  purity  was  obtained  at  once 
at  near  1200°,  and  by  a  second  distillation  in  a  vacuum  it  was 
obtained  absolutely  pure.  This  new  method  applies  equally  well 
to  strontium  and  furnishes  an  easy  means  of  obtaining  tltese 
metals,  which,  up  to  the  present  time,  have  been  so  difficult  to 
prepare. —  Comptes  Rendus,  cxliii,  339.  H.  L.  w. 

'2.  The  Thermal  Formation  of  Kitric  Oxide  ,and  Ozone  in 
Momng  Gases. — Fraxz  Fiscukr  and  Hans  Makx  have  made  the 
interesting  observation  that  ozone,  as  well  as  hydrogen  peroxide 
and  nitric  oxide,  may  be  obtained  by  burning  hydrogen  in  air  or 
oxygen  by  the  use  of  a  rapid  current  of  the  oxidizing  gas,  as  a 
jet  blown  through  the  hydrogen  flame.  It  has  been  previously 
known  that  suddenly  cooling  the  hydrogen  flame  in  other  ways 
gives  nitric  oxide  and  hydrogen  peroxide,  but  the  formation  of 
ozone  from  this  source  is  new.  They  have  found  also  the  previ- 
ously unknown  fact  that  a  rapid  current  of  air  blown  over  the 
glowing  Nernst  pencil  gives  ozone  in  addition  to  nitric  oxide,  and 
it  appears  that  the  proportion  of  ozone  increases,  in  its  relation  to 
the  nitric  oxide,  as  the  rapidity  of  the  current  of  air  increases. 
Quantitative  results  have  not  yet  been  obtained,  but  it  seems  possi- 
ble to  produce  in  this  way  enough  ozone  so  that  the  nitrogen  per- 
oxide produced  at  the  same  time,  when  led  into  water  or  sulphuric 
acid,  will  s\Ai\  no  nitrous  acid,  but  nitric  acid  exclusivelv. — 
Berichte,  xiix,  2557.  H.  L.  w. 

3.  The  Action  upon  Carbon  of  Oxygen,  Carbon  Dioxide  and 
Steam. —  It  has  been  found  bv  P.  Fauui»  that,  under  the  same  con- 
ditions  of  experiment,  water  vapor  and  carbon  dioxide  act  upon 
solid  carbon  at  850°  C.  with  the  same  speed,  while  oxygen  acts  at 
this  speed  at  about  450°.    According  to  the  temperature-coefficient 
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of  the  oxygen  reaction  between  450  and  500^,  it  is  calculated  that 
the  speed  of  this  reaction  at  850°  is  3X10*  times  as  ^reat  as  that 
of  the  carbon  dioxide  and  water  vapor  reactions.  From  results 
obtained  by  Nernst  and  v.  Wartenberg  in  regard  to  the  dissocia- 
tion of  water  vapor  and  carbon  dioxide,  it  appears  that  oxygen  at 
atmospheric  pressure  and  850°  has  a  concentration  about  0*7  X 10* 
times  as  great  as  in  water  vapor  and  carbon  dioxide  at  the  same 
pressure  and  temperature;  hence  it  appears  that  there  is  a  con- 
nection between  their  dissociation  and  rate  of  action  upon  carbon. 
— Zeitschr.  anorgan,  Chem,^  I,  276.  h.  l.  w. 

4.  The  Combustion  of  Halogen  Compounds, — In  determining 
carbon  and  hydrogen  in  substances  containing  halogens,  Charles 
J.  Robinson  uses  a  cylinder  of  copper  gauze  filled  with  lead 
chromate  in  the  combustion-tube.  The  cylinder  is  6  or  7  cm.  long 
and  its  copper  parts  are  oxidized  before  use.  The  lead  chromate 
is  thus  kept  from  contact  with  the  glass.  Some  analyses  are  given 
showing  satisfactory  results  by  the  use  of  this  device  with  chlorine 
and  bromine  compounds,  but  no  results  are  given  for  compounds 
containing  iodine.  Strange  to  say,  the  author  recommends  the 
use  of  the  same  device  for  nitrogen  combustions,  and  gives  a  satis- 
factory result  here  also.  It  would  be  expected  that  oxygen  would 
escape  from  the  hot  lead  chromate  and  contaminate  the  nitrogen 
produced.  h.  l.  w. 

5.  Introduction  to  General  Inorganic  Chemistry ^  by  Alex- 
ander Smith.  8vo,  pp.  780.  New  York,  1906  (The  Century 
Co.). — This  text-book  contains  many  excellent  features  and  it  is  a 
very  interesting  work  for  a  teacher  of  chemistry  to  read.  The 
author  has  wisely  made  the  elucidation  of  theory  the  main  feature 
ol  the  book,  but  an  ample  amount  of  facts  is  included  for  the 
purpose  in  view.  The  clear  and  able  treatment  of  the  theories 
by  basing  them  upon  facts  is  noteworthy.  The  book  is  intended 
for  the  use  of  beginners  in  college  courses.  It  is  a  more  thorough 
and  difficult  book  than  those  generally  used,  but  this  feature  may 
be  considered  a  favorable  one.  It  may  be  added  that  the  subject 
is  treated  from  the  most  modern  point  of  view,  but  without  giv- 
ing undue  prominence  to  the  newer  theories.  h.  l.  w. 

6.  A  First  Course  in  Physics ;  by  Robert  Andrews  Milli- 
KAN  and  Henry  Gordon  Gale.  Pp.  v,  488,  with  494  figures. 
New  York,  1906  (Ginn  &  Co.). —This  appears  to  be  an  excel- 
lent text-book  for  high  schools.  The  aim  of  the  authors  as  stated 
in  their  preface  has  been  to  give  "  a  simple  and  immediate  presenta- 
tion, in  language  which  the  student  already  understands,  of  the 
hows  and  whys  of  the  physical  world  in  which  he  lives."  This 
idea  has  been  consistently  cariied  out;  the  explanations  are  lucid 
and  free  from  technicalities;  at  the  same  time  they  are  not  gen- 
erally open  to  the  criticism  which  applies  to  many  "  simple " 
explanations,  viz  ;  that  they  are  not  true.  In  some  cases  the 
traditional  order  of  subjects  has  been  abandoned  and  the  chanjjjes 
appear  to  be  advantageous  from  the  pedagogical  point  of  view. 

Am.  Jour.  Sol— Fourth  Series,  Vol.  XXII,  No.  1 30.— October,  1906. 
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The  illustrations  are  well-chosen  and  attractive,   and   the   dia- 
grams clear.  H.  a.  b. 

7.  A  Laboratory  Course  in  Physics  for  Secondary  Schools ; 
by  R.  A.  MiLLiKAN  and  H.  G.  Gale.  Pp.  x -1-134.  New  York 
1906  (Giim  &  Co.). — This  is  a  collection  of  tifty-one  experiments 
designed  to  accompany  the  text-book  noticed  above.  The  experi- 
ments are  well  chosen  and  clearly  described  ;  the  necessary  appa- 
ratus is  simple  in  character  and  well  designed  for  its  purpose. 

H.  A.  B. 

8.  Outlines  of  the  Eooluiion  of  Weights  and  Measures  and 
the  Metric  System;  by  William  Hallock  and  Hubbert  T. 
Wade.  Pp.  xi  +  304.  New  York,  19(»6  (The  Macmillan  Co.).— 
The  first  chapter  of  this  work  gives  an  interesting  outline  of  the 
historical  development  of  metrology,  so  far  as  it  is  known,  from 
the  earliest  times.  The  succeeding  eight  chapters  have  to  do 
mainly  with  the  metric  system  :  its  origin,  development  and 
extension  throughout  Europe ;  its  advantages  for  commerce, 
manufacturing,  engineering,  medicine  and  pharmacy ;  and  the 
international  electrical  units  which  have  been  derived  from  the 
fundamental  metric  units. 

A  final  chapter  deals  with  standards  and  methods  of  compari- 
son and  an  appendix  contains  tables  of  equivalents  and  useful 
constants.  h.  a.  b. 

II.     Geology. 

1.  United  States  Geological  Survey ,  Charles  D.  Walcott, 
Director. — Titles  of  publications  recently  received  are  con- 
tained in  the  following  list: 

Folios. — No.  138.  Redding  Folio,  California.  Description 
of  the  Kedding  quadrangle  by  J.  S.  Diller.  Pp.  14,  with  maps 
of  topography  and  areal  geology,  structure  and  columnar  sec- 
tions. 

No.  139.  Snoqualmie  Folio,  Washington.  Description  of  the 
Snoqualniie  quadrangle  by  George  Otis  Smith  and  Frank 
Cathcart  Calkins.  Pp.  14,  with  maps  of  topography,  areal 
geology,  structure  and  columnar  sections. 

Professional  Papers. — No.  50.  The  Montana  Lobe  of  the 
Kcewatin  Ice  Sheet;  by  Frkd.  H.  H.  Calhoun.  Pp.  62,  with 
7  plates  and  31  fi enures. 

Bulletins. — No.  275.  Slate  Deposits  and  Slate  Industry  of 
the  United  States;  by  T.  Nelson  Dale,  with  sections  by  E.  C. 
Eckel,  W.  F.  Hillkbrand,  and  A.  T.  Coons.  Pp.  164,  with  25 
plates  and  15  fi^jures. 

No.  277.  Mineral  Resources  of  Kenai  Peninsula,  Alaska. 
Gold  Fields  of  the  Turnagain  Arm  Region  ;  by  Fred.  H.Mofpit. 
Coal  Fields  of  the  Kachemak  Bay  Region  ;  by  Ralph  W.  Stone. 
Pp.  80,  with  18  plates  and  5  figures. 

No.  278.  Geology  and  Coal  Resources  of  the  Cape  Lisbume 
Region,  Alaska;  by  Arthur  J.  Collier.  Pp.  54,  with  9  plates 
and  8  figures. 
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No.  284.  Report  on  Progress  of  Investigations  of  Mineral 
Resoarces  of  Alaska  in  1 905  ;  by  Alfred  H.  Brooks  and  others. 
Pp.  169,  with  14  plates  and  10  figures. 

No.  286.  Contributions  to  Economic  Geology,  1905  ;  S.  F. 
Emmons,  E.  C.  Eckkl,  Geologists  in  charge.  Pp.  506,  with  13 
plates  and  16  figures. 

No.  290.  Preliminary  Report  on  the  Operations  of  the  Fuel- 
testing  Plant  of  the  tin i ted  States  Geological  Survey  at  St. 
Louis,  Mo.,  1905  ;  Joseph  A.  Holmes  in  charge.     Pp.  240. 

No.  291.  A  Gazetteer  of  Colorado;  by  Henry  Gannett. 
Pp.  185. 

Water  Supply  and  Irrigation  Papers. — No.  155.  P'luc- 
tuations  of  the  Water  Level  in  Wells,  with  Special  Reference 
to  Long  Island,  New  York  ;  by  A.  C.  Veatch.  Pp.  83,  with  9 
plates  and  17  figures. 

No.  156.  Water  Powers  of  Northern  Wisconsin  ;  by  Leonard 
S.  Smith.     Pp.  145,  with  5  plates  and  5  figures. 

No.  158.  Preliminary  Report  on  the  Geology  and  Under- 
ground Waters  of  the  Roswell  Artesian  Area,  New  Mexico  ;  by 
Cassius  a.  Fisher.     Pp.  29,  with  9  plates. 

No.  160.  L'ndergrouud- Water  Papers;  Myron  L.  Fuller, 
Geologist  in  charge.     Pp.  104,  with  a  map  and  4  figures. 

No.  162.  Destructive  Floods  in  the  United  States  in  1905;  by 
E.  C.  Murphy  and  others.     Pp.  105,  with  4  plates  and  11  figures. 

No.  163.  Bibliographic  Review  and  Index  of  Underground- 
Water  Literature  published  in  the  United  States  in  1905  ;  by 
Myron  L.  Fuller,  Frederick  G.  Clapp,  and  Bertrand  L. 
Johnson.     Pp.  130. 

Nos.  170,  172,  173, 174,  176,  178.  Keport  of  Progress  of  Stream 
Measurements  for  the  Calendar  year  1905.  Prepar^-d  under  the 
direction  of  F.  H.  Nkwell.  Parts  VI,  VIII,  IX,  X,  XII,  XIV. 
Part.  VI. — Great  Lakes  and  St.  Lawrence  River  Drainages  ;  by 
R.  E.  Horton,  F.  W.  Hanna,  and  J.  C.  Hoyt.  Pp.  116,  II, 
with  one  plate  and  two  figures.  Part  VIII. — Missouri  River 
Drainage;  by  C.  C.  Habb,  M.  O.  Hinderlider  and  J.  C.  Hoyt. 
Pp.  283,  with  one  phite  and  2  figures.  Part  IX. — Meramec, 
Arkansas  and  Lower  Western  Mississippi  River  Drainages  ;  by 
M.  C.  Hinderlider,  J.  M.  Giles  and  J.  C.  Hoyt.  Pp  103,  with 
one  plate  and  2  figures.  Part  X. — Western  Gulf  of  Mexico  and 
Rio  Grande  Drainages  ;  by  T.  W.  Taylor  and  J.  C.  Hoyt.  Pp. 
133.  with  one  plate  and  2  figures.  Part  XII. — The  Great  Basin 
Drainage  ;  by  M.  C.  Hinderlider,  G.  L.  Swendsen,  and  Henry 
Thurtell.  Pp.  142,  11,  with  one  plate  and  2  figures.  Part 
XIV. — Columbia  River  and  Puget  Sound  Drainages ;  by  D.  W. 
Ross,  J.  T.  Whistler,  and  T.  A.  Noble.  Pp.  250,  II,  with  one 
plate  and  2  figures. 

List  of  the  .Publications  of  the  United  States  Geological  Sur- 
vey.    (Except  Topographic  Maps.)     Pp.  58. 

2.  Geologic  Map  of  the  Buffalo  Quadrangle ;  by  D.  D. 
Luthsb.  Bull.  99,  N.  Y.  State  Mus.,  1906,  29  pp.  and  map.— A 
general  description   is  here  given  of   the  seventeen    formations 
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outcropping  in  this  quadrangle  from  the  uppermost  beds  of  the 
Silurian  to  the  top  of  the  Devonian.  Diagnostic  fossils  for  each 
formation  are  also  listed.  The  map  gives  the  area!  distribution 
of  the  formations  described.  c.  s. 

3.  iSecond  Meport  of  the  Director  of  the  Science  Dimsion, 
1905.  N.  Y.  State  Mus.,  19(i6,  99  pp.— This  is  the  59lh  report 
of  the  New  York  State  Museum  and  the  2nd  report  of  the  Direc- 
tor of  the  Science  Division,  John  M.  Clarke.  It  deals  with  the 
work  done  and  in  preparation  throughout  the  various  divisions 
of  the  State  Museum  during  the  year  1905.  Of  particular 
interest  to  stratigraphers  is  the  announcement, — "  It  is  quite 
probable  however  that  the  Oswego  sandstone  [heretofore  always 
accepted  as  Silurian]  represents  a  near-shore  condition,  which 
was  unfavorable  for  life,  but  farther  west  the  Richmond  fauna 
flourished  under  more  suitable  conditions."  In  other  words,  it 
is  probable  that  the  Oswego  and  Medina  formations  are  the  clos- 
ing formations  of  the  Ordovician.  This  is  the  view  maintained 
by  Ulrich  of  the  U.  S.  Geological  Survey,  during  the  past  three 
years,  based  on  the  Medina  stratigraphy  of  the  southern  Appa- 
lachian. 

Another  striking  correlation  is  that  the  Shawangunk  conglom- 
erate is  not  of  Medina  (Oneida)  age,  but  "  represents  the 
invading  basal  member  of  the  Salina  formation  in  the  ea.*tern 
part  of  the  State."  a  s. 

4.  Jlie  Upper  Ordovician  Rocks  of  Kentucky  and  their 
JBryozoa ;  b^  John  M.  Nickles.  Bull.  5,  Kentucky  Geol.  Sur- 
vey, 1905  (not  received  until  July,  1906),  64  pp.  and  3  pis.— 
This  report  describes  the  rocks  of  the  Cineinnatian  series  and 
lists  the  Bryozoa  of  the  various  formations  as  found  in  Ken- 
tucky along  the  Cincinnati  arch.  Twenty-eight  species  are 
described,  of  which  five  are  new.  The  illustrations  show  the 
macroscopic  characters  of  the  species.  c.  s. 

5.  The  Chazy  Formation  and  its  JFhtaia ;  by  P.  E.  Rav- 
MOND.  Ann.  Carnegie  Mus.,  iii,  July,  1906,  pp.  498-598. — This 
is  the  first  article  of  a  series  of  papers  in  which  the  author  pro- 
poses to  describe  the  stratigraphy  and  faunas  of  the  Chazy  as 
found  in  northeastern  North  America.  The  part  now  at  hand 
deals  with  the  stratigraphy  of  the  various  areas  and  lists  of  the 
fossils  occurriniij  in  the  various  beds.  The  author's  main  conclu- 
sions are  as  follows:  — 

''This  fauna  shows  a  decidedly  closer  affinity  with  the  fauna 
of  the  Hhick  River  and  Trenton  formations  of  New  York  and 
Canada  than  with  the  Beekniantown  of  the  same  regions.  The 
strong  Mohawkian  facies  of  the  Chazy  fauna  suggests  that  the 
Chazy  i'onnation  should  be  taken  ofit  of  the  Canadian,  the  Beek- 
niantown and  Chazy  having  very  little  in  common."  There  is 
but  one  species  common  to  the  two  formations.  "  While  the 
Black  River  and  Trenton  formations  have  only  a  few  species  in 
common  with  the  Chazy,  yet  when  the  fossils  are  compared  with 
one  another  it  is  found  that  almost  every  one  in  the  Chazy  is 
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represented  in  the  Trenton  by  a  very  closely  allied  species  "  (p. 
562).     Thirteen  new  species  are  described.  c.  s. 

6.  A  New  American  Cybde ;  by  J.  E.  Narraway  and  P.  E. 
Raymond.  Ann.  Carnegie  Mus.,  iii,  July,  1906,  pp.  599-604. — 
In  America,  this  genus  of  trilobites  is  always  rare  and  entire 
examples  are  almost  unknown.  The  writers  describe  a  nearly 
complete  specimen  preserving  all  the  essential  characters.  It  is 
named  Cybele  ella,  and  occurs  in  the  Black  River  limestone  of 
the  Ordovician,  near  Ottawa,  Canada.  c.  s. 

7.  Uber  Phylogenie  der  Arthropoden ;  by  A.  Handmbsch. 
Verb.  k.  k.  zool.-bot.  Gesellsch.  Wien,  1906,  pp.  88-103. — For 
several  years,  Handlirsch  has  had  in  preparation  an  octavo  work 
entitled  "Die  Fossilen  Insekten  und  die  Phylogenie  der  Rezenten 
Formen,"*  now  being  printed  by  Wilhelra  Engelmann  in  Leip- 
zig.    From  this  work  has  resulted  the  paper  under  review. 

The  writer  holds  that  the  Arthropoda  are  monophyletic  ;  that 
Peripatus  stands  much  closer  to  the  worms  than  to  the  true 
Arthropoda,  and  can  not  be  regarded  as  the  link  uniting  branchi- 
ate and  tracheate  Arthropoda.  The  stem  group  for  all  Arthro- 
podf),  he  holds,  must  be  sought  among  the  trilobites.  From 
these  the  Crustacea  were  first  differentiated.  The  Arachnida 
are  united  with  the  trilobites  through  the  limuloids,  and  with 
these  the  eurypteroids  are  closely  related.  The  myriopods  are 
seemingly  difficult  to  derive  from  trilobites,  but  in  the  Carbon- 
iferous are  many  myriopod-like  forms,  the  majority  of  which  had 
a  relatively  broad  and  large  head,  with  well-developed,  large 
compound  eyes  like  those  of  trilobites.  Many  of  these  forms 
were  broad  and  had  short  segments  in  moderate  numbers ;  some 
even  had  distinctly  marked  pleural  parts  quite  similar  to  those 
in  trilobites. 

"From  all  these  facts  it  seems  clear  that  the  primitive  forms 
of  myriopods  were  also  relatively  broad  animals  with  honiono- 
mous  segments,  compound  eyes,  and  cloven  feet,  living  at  least 
part  of  the  time  in  water,  and  gradually  adapted  their  breathing 
organs  to  a  land  existence.  If  we  assume  that  the  trilobites 
possessed  nephridia  on  all  segments,  it  is  easily  explained  how  in 
the  very  beginning  two  diverging  myriopod-like  stems  origi- 
nated, one  of  which  had  adapted  the  segmental  organs  situated 
far  to  the  front,  the  other  those  far  to  the  rear,  to  the  service  of 
sexual  parts.  In  this  event,  the  Progoneates  and  the  Opistho- 
goneates  are  to  be  regarded  as  independent  phyla  "  (p.  97). 

This  paper  is  of  great  interest  to  all  students  of  the  Arthro- 
poda. c.  8. 

8.  Die  JUntwickelunrf  von  Lidoceras  baluehistanenense  Noet- 
ling,  Ein  Beitrag  zur  Ontogenie  der  Ammoniten ;  von  F. 
NoETLiNG.     Geol.  u.  Pal.  Abh.,  Jena,  viii,  n.  ser.,  1906,  pp.  1-96, 

♦  Die  Fossilen  Insekten  und  die  Phylogenie  der  Rezenten  Foroien.  Ein 
Handbnch  ftlr  Palllontologen  nnd  Zoologen ;  von  Anton  Handlirsch.  I. 
Lieferang  (mit  9  Tafeln).     Pp.  160,  Leipzig,  1906  (Wilhelm  Engelmann). 
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7  plates. — This  elaborate  work  describes  in  great  detail  the 
development  of  the  highest  Cretaceous  ammonite  mentioned  in 
the  title,  and  having  a  ceratite  suture  line.  The  development  is 
as  follows  :  (1)  Protoconch  stage  ;  (2)  Embryonic  or  Sphasro- 
ceras  stage  ;  (3)  Metaconch  or  Oxynoticeras  stage  (has  always 
five  volutions  irrespective  of  size  of  shell) ;  (4)  Paraconch  or 
Indoceras  stage. 

The  author  concludes  that  on  the  basis  of  the  developmental 
characters  of  the  suture  line  alone  it  is  at  present  not  safe  to 
decide  as  to  the  age  of  the  strata  in  which  the  form  occurs,  for 
the  reason  that  as  yet  we  know  the  complete  development  of  but 
few  ammonites,  and  further  that  a  primitive  form  may  occur  in 
young  beds  and  a  highly  specialized  species  in  old  deposits. 

In  regard  to  the  ancestry  of  Indoceras^  the  author  concludes 
that  "  it  had  a  different  descent  than  Sphenodiscus  or  Placenti- 
ceras  and  that  it  can  hardly  be  arranged  with  these  in  the  family 
Pulchelliida3,  or  with  the  Upper  Cretaceous  Oxynotus  forms  : 
Garuieria^  Lenticeraa  and  others  are  to  be  united  in  a  family  of 
indoceratids  "  (p.  9.'). 

9.  Uutersuchungen  uher  die  Familie  Lyttoniidae  Waag, 
emend,  Noelling;  von  F.  Noetling.  Palseontographica,  li,  19u6, 
pp.  129-153,  pis.  xv-xviii. — Some  years  ago,  the  author,  while  in 
India,  collected  in  the  Upper  Permian  of  Chideru  in  the  Salt 
Range  an  abundance  of  the  genera  Oldhamina  and  Lyttonia, 
As  some  of  his  specimens  are  preserved  as  silicious  pseudo- 
morphs,  he  was  able  through  careful  etching  with  hydrochloric 
acid  to  free  them  from  the  limestone  and  thus  to  reveal  the 
entire  structure  of  these  remarkable  and  highly  degenerate  brach- 
iopods.  So  strikingly  aberrant  are  these  forms  that  at  first  they 
w^ere  described  as  gasteropods  {Belleropkon)  and  later  as  the 
teeth  of  fishes  (Lepfodus).  The  latter  generic  name  Waagen 
displaced  by  his  Oldhamina  when  he  discovered  these  remains 
to  be  brachiopods.  This  proceeding  is  irregular,  and  it  is  to  be 
regretted  that  Noetling  does  not  return  to  Leptodus^  especially 
after  he  remarks  that  aeeording  to  the  law  of  priority  Waagen 
had  no  right  to  make  this  change  (p.  133).  On  the  other  hand, 
Oldhamina  can  not  be  confused  with  Oldhamia  even  though 
the  names  sound  nearly  alike;  and  it  is  therefore  further  to  be 
regretted  that  Noetling  in  a  half-hearted  way  tries  to  dispossess 
the  former  by  suggesting  Oldhamella,  The  author  prints  the 
name  in  a  foot-note  (p.  129),  and  though  it  is  only  suggested, 
not  seriously  proposed,  it  can  not  be  overlooked.  Thus  another 
synonym  is  added  to  the  terminology  of  these  shells.  Some 
years  ago  he  considered  these  fossils  to  be  Bryozoa,  and  at  that 
time  proposed  the  name  Waagenopora,  Thus  is  literature  bur- 
dened by  giving  way  to  printing  all  the  unassimilated  thoughts 
passing  through  an  author's  mind. 

These  shells  are  cemented  to  foreign  bodies  by  the  umbo  of 
the  ventral  valve,  and  the  scar  of  attachment  is  plainly  pre- 
served in  young  and  apparently  in  adult  specimens  also  (see  pi. 
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XV,  6g8.  2a,  3).  BecauBe  uf  the  abnormal  and  very  irregnlar 
lamellar  thickenings  of  the  posterior  region  of  the  shell  margin 
(no  two  shells  are  alike  in  this  character)  covering  over  the  scar 
of  attachment,  Noetling  thinks  these  animals  finally  lost  fixation 
and  lay  with  the  dorsal  shell  on  the  sea  bottom. 

He  arrives  at  this  conclusion  because  the  majority  of  the  speci- 
mens by  far  are  ventral  shells;-  some  show  the  inner  side  of  the 
dorsal  valve  and  but  a  few  preserve  both  valves  in  place.  One 
might  suppose  that  if  the  animal  finally  came  to  live  as  suggested 
by  the  author,  all  the  specimens  would  preserve  both  valves, 
because  after  death,  as  the  animal  matter  decayed,  its  ])lace 
would  be  occupied  by  the  "very  soft  calcareous  mud"  in  which 
it  lay.  The  reviewer  thinks  that  during  the  weathering  process 
the  very  thin  dorsal  shell  is  either  dissolved  away,  or  because  of 
its  deeply  cleft  nature  and  exterior  papillose  condition  it  adheres 
firmly  to  the  outer  rock,  only  to  be  dissolved  away  by  weather- 
ing from  this  side.  The  fact  that  the  mantle  is  constantly 
depositing  shell  on  the  outer  posterior  cardinal  area  is  evidence 
that  in  some  way  it  embraced  foreign  objects  by  which  it  held 
the  shell  in  place.  In  old  age  such  deposition  may  cease,  but  as 
these  animals  apparently  lived  in  large  communities  they  are 
nevertheless  firmly  held  in  place  by  their  neighbors.  On  the 
other  hand,  if  lying  with  the  dorsal  valve  down  in  the  soft 
mud,  as  suggested  by  the  writer,  it  would  seem  that  death  must 
soon  ensue  through  suffocation,  because  of  the  mud  squeezing  in 
through  all  of  the  many  lateral  clefts  of  the  dorsal  valve,  but 
especially  in  preventing  free  water  circulation  with  a  fresh 
supply  of  food  and  oxygen. 

Of  the  many  cemented  brachiopods,  it  is  very  rare  to  find  one 
preserving  the  object  of  attachment,  and  on  this  account  it 
ahould  not  be  expected  to  occur  here  more  than  elsewhere.  The 
reviewer  believes  that  these  animals  lived  with  the  deeply  cleft 
dorsal  valve  uppermost,or  that  the  posterior  region  of  both  valves 
lay  somewhat  embedded  in  the  mud,  with  the  greater  portion  of 
the  anterior  region  protruding  above  the  sea  floor. 

The  author  correctlv  removes  these  shells  from  the  ThecidiidjB 

» 

and  regards  them  as  more  closely  related  to  the  Productidte.  He 
adds,  "it  may  be  that  this  aberrant  group  can  even  be  included  in 
this  family  so  rich  in  forms"  (p.  147).  It  seems  now  more  proba- 
ble that  the  Leptodidae  (new  name)  arose  in  some  cemented  form 
of  the  ProductidaB,  in  which  case  it  would  bo  best  looked  for 
among  IStrophalosia.  c.  s. 

III.    Miscellaneous  Scientific  Intelligence. 

1.  Les  Prix  Nohel  en  1903.  Stockholm,  1906  (P.  A.  Norstedt 
&  Soner). — The  recipients  of  the  Nobel  prizes  in  1903  were  as 
follows  :  Henri  Antoine  Becquerel  for  his  discovery  of  spon- 
taneous radio-activity;  Pierre  and  Marie  Sklodovska  Curie  for 
their  researches  in  the  phenomena  of  radiation  discovered  by  H. 
Becquerel ;  Svante  August  Arrhenius  for  the  theory  of  electro- 
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lytic  dissociation  ;  Niels  Ryberg  Finsen  for  the  treatment  of 
diseases  by  light  rays  ;  Bjornstjerne  Bjornsen  for  his  poetical 
works.  This  interesting  volume  contains,  in  addition  to  an  account 
of   the   ceremonies    accompanying    the  prize   distribution,   bio- 

fraphical  notices  of  the  recipients  with  portraits  and  also  repro- 
uctions  of  the  Nobel  medals  and  diplomas.  The  addresses  at 
the  Conferences  Nobel  by  H.  Becquerel,  P.  Curie,  S.  Arrhenius 
and  W.  Randal  Cremer  close  the  volume. 

2.  British  Association, — The  annual  meeting  of  the  British 
Association  for  the  Advancement  of  Science  was  held  at  York 
from  August  1  to  8  ;  at  which  place  the  Association  met  both  for 
the  first  time  in  1831  and  again  in  1881.  Prof.  E.  Ray  Lankester 
in  his  presidential  address  reviewed  the  scientific  advance  of  the 
past  quarter  century.  The  next  meeting,  for  1907,  will  be  held 
in  Leicester,  that  for  1908  in  Dublin,  and  for  1909  at  Winnipeg. 

3.  Carnegie  Institution  of  Washington. — The  following  are 
titles  of  publications  recently  received  : 

No.  84.  American  Fossil  Cycads  ;  by  G.  R.  Wibland.  4to. 
Pp.  vii-l-296,  51  plates,  141  figures.     A  notice  will  follow. 

No.  46.  An  Investigation  into  the  Elastic  Constants  of  Rocks, 
especially  with  reference  to  their  Cubic  Compressibility;  by  F. 
D.  Adams  and  E.  G.CoKER.  8vo.  Pp.  69,  16  plates.  An  abstract 
was  published  in  the  August  number,  [»p.  95-123. 

No.  50.  The  Relation  of  Desert  Plants  to  Soil  Moisture  and 
to  Evaporation;  by  Bukton  E.  Livingston.     Pp.  78,  16  cuts. 

No.  52.  Inheritance  in  Poultry  (Paper  No.  7,  Station  for 
Experimental  Evolution)  ;  by  C.  B.  Davenport.    Pp.  136,  17  pi. 

No.  53.  Egyptological  Researches;  W.  Max  Mullek.  4io. 
In  press. 

Obituary. 

William  Buck  Dwigut,  Professor  of  Geology  at  Vassar 
College  for  nearly  thirty  years,  died  at  Cottage  City,  Mass., 
on  August  29,  at  the  age  of  seventy-three  years.  He  was  born  in 
Constantinople,  the  son  of  an  American  missionary,  and  came  to 
this  country  in  1849.  He  was  graduated  at  Yale  College  in  18o4, 
at  the  Union  Theological  Seminary  in  1857  and  rt'ceived  the 
degree  of  B.S.  from  the  Sheffield  Scientific  School  in  1859.  He 
cariied  on  extensive  field  work  in  geology,  chiefly  in  Dutchess 
County,  N.  Y.,  between  1879  and  1890  ;  a  number  of  papers  giv- 
ing his  results  are  contained  in  this  Journal.  He  invented  a 
rock-slicing  machine  in  1891  and  had  charge  of  the  department 
of  geoloii^y  in  the  Standard  Dictionary.  He  was  one  of  the  orig- 
inal fellows  of  the  Geological  Society  of  America. 

Dr.  Paul  Drude,  Professor  of  Physics  and  Director  of  the 
Physical  Laboratory  at  Berlin,  died  on  July  5,  at  the  age  of 
forty-three  years.  He  was  the  author  of  important  theoretical 
and  experimental  researches  on  the  electro-magnetic  theory  of 
light  and  since  1890  had  been  editor  of  the  Annalen  der 
PhysiJc^  during  that  period  often  known  as  Drude's  Aniialen. 

Sir  Walter  Lawry  Buller,  well  known  for  his  work  on  tbe 
ornithology  of  New  Zealand,  died  on  July  19,  at  the  age  of  sixty- 
eight  years. 


Uj^ 


THE 


AMERICAN  JOURNAL  OF  SCIENCE 


[FOURTH    SERIES.] 


■♦♦♦■ 


SAMUEL  LEWIS  PENFIELD. 

In  the  recent  death  of  Samuel  Lewis  Penfield,  the  mineralo- 
gist, Bcienoe  in  America  has  lost  one  of  its  best  representatives, 
his  chosen  field  of  work  its  ablest  exponent  and  investigator 
and  the  community  in  which  he  lived  a  man  of  the  highest 
type  of  character.  His  loss  is  a  heavy  blow  to  his  profession, 
to  bis  University  and  to  his  friends.  Men  of  his  attainments 
come  but  rarely,  and  when  they  pass,  the  place  they  have  made 
can  never  be  exactly  filled. 

Attacked  some  three  years  since  by  a  very  serious  malady 
which  occasioned  great  anxiety,  his  unwearying  and  patient 
fidelity  to  the  regimen  prescribed  for  him  and  the  devotion 
and  care  of  his  family  enabled  him  to  resist  the  disease,  and  it 
was  hoped  that  his  life  might  be  prolonged  for  years  to  come. 
His  trouble  took,  however,  a  sudden  and  unfavorable  turn,  and 
after  a  very  brief  illness  he  passed  peacefully  away  on  Aug. 
12th,  at  the  little  village  of  South  Woodstock,  among  the  hills 
of  eastern  Connecticut,  where  he  was  spending  the  summer. 

Penfield  was  bom  Jan.  16th,  1856,  in  the  town  of  Catskill 
on  the  Hudson  Eiver,  where  his  father,  George  H.  Penfield, 
who  was  engaged  for  many  years  in  a  mercantile  and  shipping 
business,  was  a  prominent,  useful  and  highly  esteemed  citizen. 
His  mother,  whose  maiden  name  was  Ann  A.  Cheeseman,  was 
of  Connecticut  stock ;  she  was  a  notable  woman  in  her  com- 
munity and  family,  and  from  both  his  parents  Penfield  had  a 
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fine  inheritance  and  thorough  training  in  high  principles  and 
ideals.  He  was  one  of  several  children  ;  his  father's  roof  shel- 
tered other  members  of  the  family,  all  united  by  strong  ties  of 
affection,  and  he  thus  grew  up  in  an  atmosphere  which  made 
him  feel  keenly  all  his  life  the  ties  of  kindred  and  gave  him  a 
humanitarian  ism  which  strongly  marked  him. 

His  early  education  was  received  in  his  home  and  in  the 
school  at  Catskill.  Ideals  of  learning  and  culture  were  tradi- 
tional in  his  family ;  some  of  his  ancestors  had  been  college- 
bred  men,  and  it  was  early  determined  he  should  have  a  college 
education.  To  fit  himself  to  enter  Yale  he  attended  the 
academy  at  Wilbraham,  Mass.,  and  in  the  autumn  of  1874  he 
becarpe  a  member  of  the  freshman  class  of  the  ShetBeld  Scien- 
tific School.  Like  many  other  graduates  of  that  institution, 
who  have  become  well-known  in  natural  science,  he  took  the 
course  laid  out  in  chemistry.  Languages  he  learned  with  diffi- 
culty though  he  retained  them  well,  but  in  mathematics  and 
natural  science,  and  especially  analytical  chemistry,  he  excelled. 
He  was  graduated  with  honors  in  1877,  receiving  the  cus- 
tomary degree  of  Bachelor  of  Philosophy.  While  devoted  to 
his  studies,  the  social  side  of  university  life  had  not  been  neg- 
lected and  he  was  loved  and  respected  in  his  class,  and  made 
many  enduring  friendships. 

After  his  graduation  he  became  one  of  the  assistants  in  the 
laboratory  of  analytical  chemistry,  a  position  held  for  two 
years  and  which,  outside  of  the  benefits  of  the  training  which 
its  duties  conferred,  gave  him  excellent  opportunities  for  con- 
tinuing his  chemical  education.  At  this  time  Professors  Brush 
and  Edward  Dana  were  engaged  in  their  researches  on  the 
remarkable  mineral  locality  at  Branchville,  Conn.,  which  has 
become  classic  in  the  history  of  mineralogical  science  for  the 
great  number  of  new  mineral  species,  chiefly  phosphates,  which 
it  afforded. 

The  task  of  ascertaining  the  chemical  composition  of  these 
minerals  was  confided  to  Penfield  and  his  classmate  and  fellow 
assistant,  now  Professor  H.  L.  Wells.  The  importance  of  the 
work,  its  great  scientific  interest,  the  new  problems  in  ana- 
lytical chemistry  involved,  all  combined  to  excite  the  enthu- 
siasm of  the  young  investigators  and  to  stimulate  their  powers 


Samuel  Lewis  Penfield.  355 

to  the  highest  degree,  while  giving  them  a  training  of  the 
greatest  value.  Penfield,  who  took  to  analytical  chemistry 
with  the  keenest  eagerness,  no  doubt  in  great  part  had  his 
future  career  determined  by  his  work  during  these  two  years 
and  the  one  following,  when  he  was  transferred  from  the  chem- 
ical to  the  mineralogical  laboratory  as  assistant. 

During  this  period  he  analyzed  the  new  minerals  oosphorite, 
triploidite,  dickinsonite,  fairfieldite  and  lillowite,  and  made 
analyses  also  of  triphylite,  childrenite,  amblygonite,  cymato- 
lite,  spodumene,  etc.  Up  to  this  time  his  work,  though  deal- 
ing largely  with  minerals,  had  been  entirely  of  a  chemical 
nature  and  it  is  certain  that  he  expected  to  make  chemistry  the 
subject  of  his  life  work,  for  in  the  years  1880-1881  he  went 
to  Germany  to  obtain  advanced  instruction  in  the  organic  side 
of  this  science.  He  spent  two  semesters  in  the  laboratory  of 
Prof.  Rudolph  Fittig  at  Strassburg  and  a  part  of  the  work 
resulted  in  the  publication  with  him  of  a  joint  paper  on  organic 
compounds  prepared  and  studied.  He  heard  some  lectures 
under  Prof.  P.  Groth,  at  that  time  located  at  Strassburg,  but 
there  can  be  no  doubt  that,  had  he  known  the  work  he  was  to 
do  in  the  future,  his  studies  would  have  been  almost  wholly 
under  the  direction  of  this  eminent  teacher  and  crystallog- 
rapher.  He  never  regretted,  however,  the  time  he  had  thus 
spent,  for  it  added  greatly  to  his  general  knowledge  of  chem- 
istry and  to  his  training  in  the  solution  of  chemical  problems. 

It  was  at  the  close  of  this  stay  in  Germany  that  the  oppor- 
tunity opened  which  finally  determined  Pentield's  career  in 
science.  The  constant  growth  of  the  SheflSeld  Scientific 
School  had  laid  such  an  increasing  burden  of  executive  duties 
upon  its  director,  Professor  Brush,  that  he  was  no  longer  able 
to  give  more  instruction  in  mineralogy  in  the  institution  than 
was  involved  in  the  course  of  lectures  on  the  descriptive  side  of 
the  subject  and  suggestions  and  advice  in  advanced  work. 
The  practical  work  in  the  subject  in  the  laboratory,  the  deter- 
minative mineralogy,  was  given  by  his  assistant,  who,  at  that 
time,  was  the  late  Dr.  G.  W.  Hawes.  The  authorities  of  the 
National  Museum  offered  the  latter  an  opportunity  to  develop 
a  department  of  Geology,  which  he  accepted,  and  Pentield 
was  called  to  fill  his  place.     He  entered  on  his  duties  with 
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the  beginning  of  the  fall  term  in  1881,  having  the  title  of 
Instraetor  in  Mineralogy,  and  from  that  time  until  his  death 
he  was  actively  engaged  in  teaching  and  in  extended  researches 
in  this  subject.  Feeling  the  need  of  more  advanced  training 
in  certain  ways,  especially  in  methods  of  optical  and  micro- 
scopical research,  in  1884  he  again  went  to  Germany  and 
spent  the  summer  semester  at  Heidelberg  under  Professor 
Kosenbusch  and  with  great  benefit  to  his  future  work.  In 
1886  he  assumed  entire  charge  of  the  instruction  in  mineral- 
ogy, he  was  appointed  an  assistant  professor  in  1888  and  in 
1893  was  promoted  to  a  full  professorship  and  became  a 
member  of  the  Governing  Board  of  the  Shefiield  Scientific 
School. 

That  which  Penfield  accomplished  during  his  life  divides 
naturally  into  two  parts,  the  results  of  his  investigations  and 
his  work  as  a  teacher  of  mineralogy.  In  regard  to  the  first 
the  bibliography  appended  to  this  notice  speaks  far  more  elo- 
quently to  those  acquainted  with  the  history  of  mineralogical 
science  during  the  last  quarter  of  a  century  than  could  the 
efforts  of  any  pen.  Yet  out  of  this  great  volume  of  important 
results  of  work  which  issued  from  his  laboratory  during  the 
twenty-five  active  years  of  his  life — results  which  have  been 
equalled  in  scope  and  value  by  but  few  men  during  a  much 
longer  working  period — certain  salient  facts  may  well  be  men- 
tioned to  indicate  his  achievements.  He  published  over  80 
papers  relating  to  Mineralogy  and  Crystallography,  either 
under  his  own  name  or  in  collaboration  with  others,  besides 
the  large  number  which  came  from  the  assistants  and  students 
in  his  laboratory  and  which  were  directly  due  to  his  inspira- 
tion and  oversight.  Moreover  this  does  not  include  a  great 
number  of  notes,  representing  crystallographic  and  chemical 
work,  scattered  through  the  literature  as  published  in  the  papers 
of  other  workers,  for  Penfield  was  ever  most  generous  of  his 
time  and  skill  in  helping  others  and  he  had  long  come  to  be 
regarded  in  America  as  an  ever  present  aid  and  final  source 
of  appeal  in  problems  relating  to  mineralogy  by  workers  in 
the   geological  sciences. 

The  mere  statement  of  the  volume  of  his  work  would,  how- 
ever, mean  little  unless  it  were  taken  in  connection  with  its 
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quality.  Both  in  the  importance  of  the  problems  treated  and 
in  the  ability  and  technical  skill  with  which  they  are  handled 
his  work  is  of  the  very  highest  scientific  character,  and  the 
greater  part  of  it,  together  with  his  methods  and  ideas,  has 
already  become  classic  in  the  history  of  his  science.  In  regard 
to  this  the  following  facts  are  of  interest  and  may  be  men- 
tioned. Fourteen  new  mineral  species  were  established  and 
described  by  him, — sometimes  in  combination  with  others. 
These  are:  Bixhyite^  Canfieldite^  Clinohedrite^  Qerhardtite^ 
Glancochroite^  Graftonite^  Hamlinite^  Hancochite^  Leuco- 
phoenicite^  Nasonite^  Nesquehonite^  Pearceite^  HoeblingitSy 
Spangolite, 

What  in  reality  was  of  even  greater  importance  was  the 
large  number  of  already  described  minerals,  many  of  them 
well  kno.wn  and  prominent  species,  which  he  studied  and  whose 
true  chemical  composition  and  mineralogical  aflSnities  he  estab- 
lished. These  include  Alurgite^  Amhlygonite^  Argyrodite^ 
Aurichalcite^  Childrenits^  Chondrodite^  Clinohumite^  Con- 
nellite^  Cookeitej  GanomaZite^  Hanhsite^  Ilerderite^  Howliie^ 
Humite^  Monazite^  Rcdstoniie^  Staurolite^  Sulphohalite^ 
Topaz^  Tourmaline  and  Turquois. 

Among  the  more  important  facts  which  he  brought  out  as 
the  result  of  his  chemical  work  was  the  discovery  of  ger- 
manium in  silver  ores  from  Bolivia  and  the  determination  of 
the  correct  formula  and  crystallization  of  argyrodite,  the  Frei- 
berg mineral  in  which  germanium  was  originally  discovered. 
Another  contribution  of  the  highest  value  was  his  recognition 
that  fluorine  and  hydroxyl  are  isomorphous  in  chemical  struc- 
tures, and  that  they  play  a  significant  function  in  the  com- 
position of  many  minerals  whose  correct  formulas  may  be 
derived  by  the  application  of  this  principle.  He  showed  also 
that  the  variations  in  the  physical  properties  of  certain  promi- 
nent minerals  were  dependent  upon  the  variations  in  the  rela- 
tive amounts  of  these  radicals.  This  was  shown  very  strik- 
ingly to  be  the  case  with  topaz,  and  applying  these  ideas  to  tlie 
chondrodite  group  of  minerals,  whose  relations  until  then  had 
proved  an  unsolved  problem,  he  derived  their  correct  com- 
positions and  showed  that  they  formed  a  definite  series  with 
related  physical  properties.     He  was,  moreover,  able  to  indi- 
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cate  the  probable  existence  of  another  member  of  the  series 
and  to  predict  its  composition  and  properties,  a  forecast  whose 
correctness  has  since  been  established  by  Sjogren  in  the  dis- 
covery of  prolectite. 

The  idea  of  the  isomorphism  between  hydroxyl  and  fluorine 
was  suggested  in  the  first  Branch  ville  paper  by  Brush  and 
Dana  from  Penfield's  analysis  of  triploidite.  At  first  it  was 
not  accepted  by  prominent  chemists  and  mineralogists,  but 
Penfield  by  steady  work  in  his  laboratory  again  and  again 
demonstrated  its  validity  and  importance,  until  now  it  has 
gained  general  acceptance  and  it  has  become  recognized  that 
the  existence  of  these  isomorphous  radicals  not  only  explains 
the  structure  of  many  minerals,  but  that  their  presence  is 
of  the  greatest  importance  in  understanding  the  mode  of  forma- 
tion, especially  in  magmatic  processes. 

Another  contribution  of  the  first  order,  in  the  field  of 
chemical  crystallography,  was  his  announcement  of  the  mass 
action  of  complicated  inorganic  acids  in  determining  crystal 
form.  Thus  while  the  bases  in  combination  with  such  acids 
may  be  of  the  most  diverse  kinds,  the  system  of  crystalliza- 
tion is  not  affected.  This  was  brought  out  in  his  important 
paper  with  Foote  on  the  chemical  composition  of  tourmaline, 
but  has  since  been  shown  to  be  of  wide  application. 

As  an  analytical  chemist  Penfield  must  be  ranked  as  one  of 
the  great  masters  of  this  art.  He  had  a  broad  and  compre- 
hensive grasp  of  its  principles,  was  very  fertile  in  their  appli- 
cation, suggestive  in  combinations  and  in  details  and  joined 
to  this  a  technical  skill  and  dexterity  in  manipulation  that  was 
really  marvelous.  In  consequence  of  this  the  ease  and  speed 
with  which  he  turned  out  complicated  analyses  of  remarkable 
accuracy  have  always  been  a  source  of  admiration  among  his 
friends  and  fellow-workers.  His  analysis  of  the  rare  mineral 
connellite  and  derivation  of  its  formula  was  performed  upon 
less  than  a  tenth  of  a  gram  of  material.  Many  similar  feats 
of  his  skill  might  be  cited.  He  rarely  took  up  any  new 
analytical  method  that  he  did  not  suggest  excellent  improve- 
ments in  it,  and  he  devised  new  methods,  many  of  which  are 
now  in  general  use ;  his  mineralogical  papers  in  fact  are  full 
of  contributions  to  analytical  chemistry  and  he  published 
several  useful  papers  directly  upon  analytical  methods. 
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Penfield's  work  as  a  crystallographer  is  scarcely  of  less 
importance  than  that  which  he  performed  on  the  chemical 
side  of  mineralogy.  He  handled  mathematical  relations  with 
ease  and  clearness  and  his  work  was  both  rapid  and  accurate. 
His  perception  of  crystal  forms  and  symmetry  seemed  almost 
intuitive  and  in  practical  operations  he  was  greatly  aided  by 
the  same  manual  dexterity  that  he  showed  in  chemical  manip- 
ulation ;  thus  he  made  measurements  on  the  goniometer  of 
crystals  of  such  a  degree  of  minuteness,  as  in  the  case  of 
sperrylite,  that  it  seemed  almost  impossible  that  they  could  be 
handled. 

Besides  establishing  the  crystallization  of  the  new  minerals 
already  mentioned,  Penfield  determined  that  of  the  following 
species :  Amarantite,  Argyrodite^  Bertrandite^  Herderite^ 
Lansforditej  Metacinnaharite^  Penji^ldite^  Polyhasite^  Sper- 
rylite^ Tiemannite,  WiUemite. 

In  addition  to  his  contributions  to  the  crystallography  of 
minerals  we  also  owe  to  Peniield  the  determination  of  the  other 
physical  properties  of  many  species,  especially  the  optical ;  a 
work  which  he  first  took  up  in  Rosenbush's  laboratory  and  after- 
wards accurately  and  skillfully  carried  out  whenever  possible 
upon  all  of  the  species  which  he  investigated. 

His  labors  as  a  crystallographer  were  not,  however,  confined 
to  minerals.  For  a  number  of  years  he  spent  much  time  in  the 
determination  of  the  crystallization  and  optical  properties  of 
compounds  prepared  in  the  chemical  laboratory  of  the  Sheflield 
Scientific  School.  As  may  be  seen  by  reference  to  the  appended 
bibliography,  this  work  was  done  either  directly  by  himself 
or  under  his  care  and  supervision  by  the  assistants  and  advanced 
students  in  the  laboratory  whom  he  had  trained.  Among  these 
compounds  studied  there  maybe  mentioned  as  of  special  import- 
ance the  large  series  of  new  double  salts,  particularly  the  double 
halides,  prepared  by  his  colleague  Professor  Wells  or  under  his 
direction.  During  the  later  years  of  his  life  Penfield  gave  much 
tiuae  and  thought  to  the  perfecting  of  practical  methods  for  the 
solution  of  problems  in  crystallography.  He  was  led  to  a  study 
of  the  stereographic  projection  as  a  means  of  expression  and  in 
1901  published  an  important  paper  on  this  subject,  showing 
how  it  could  be  used  for  solving  problems,  not  only  in  crystallog- 
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raphy,  but  also  in  astronomy,  geodesy,  navigation,  etc.  He  pre- 
pared also  an  ingenious  set  of  instruments  for  use  in  connection 
with  this  method  of  projection  by  means  of  which  laborious 
calculations  could  be  avoided  and  the  problems  quickly  and 
accurately  solved  by  graphic  methods.  He  extended  these 
practical  methods  and  applied  them  to  the  drawing  of  crystals, 
devising  special  plates  of  axes  to  be  used  in  connection  with  his 
instrument*  by  which  the  solving  of  the  form  of  a  crystal  and 
the  drawing  of  its  figure  could  be  easily  and  rapidly  carried  out. 
These  methods  have  since  come  into  very  general  use. 

In  reviewing  Pentield's  work  in  mineralogical  science  one  is 
struck,  not  more  by  its  quantity  than  by  its  quality  and  varied 
aspects.  He  was  a  thoroughly  trained  man  and  had  a  firm  grasp 
on  every  phase  of  his  subject.  He  had  a  wide  and  accurate 
knowledge  of  minerals  and  the  correctness  with  which  he  often 
identified  them  at  sight  seemed  ahnost  like  intuition.  While 
he  clearly  apprehended  principles  and,  as  has  been  shown,  pro- 
duced generalizations  of  wide  importance,  the  great  majority  of 
his  contributions  to  science  are  not  of  a  theoretical  nature  but 
consist  of  direct  and  positive  additions  to  knowledge.  He  had 
a  highly  analytical  mind,  and  this  combined  with  his  inventive 
faculty  and  the  great  manual  skill  with  which  he  was  gifted 
made  him  a  born  investigator,  one  of  the  greatest  who  has  yet 
appeared  in  his  field  of  science.  It  is  safe  to  say  that  with  his 
gifts  he  would  have  had  a  successful  career  in  whichever  of 
the  physical  sciences  he  might  have  entered.  The  thoroughness 
of  Penfield's  work,  its  high  quality  and  the  completeness  with 
which  he  covered  every  side  of  his  subject,  is  well  illustrated 
in  his  last  paper  on  stibiotantalite,  published  in  the  current 
July  number  of  this  Journal,  in  conjunction  with  his  junior 
associate  and  former  pupil  Professor  Ford. 

His  services  to  science  have  been  worthily  recognized  at 
home  and  abroad  :  in  1893  he  was  made  an  associate  Fellow  of 
the  American  Academy  of  Arts  and  Sciences  in  Boston  :  in  1896 
he  became  a  Foreign  Correspondent  of  the  Geological  Society 
of  London  and  his  university  conferred  on  him  the  degree  of 
Master  of  Arts  :  in  1900  he  was  elected  a  member  of  the 
National  Academy  of  Sciences  :  in  1902  he  was  chosen  as  a  Fel- 
low of  the  American  Association  for  the  Advancement  of  Sci- 
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ence,  a  Corresponding  Member  of  the  Royal  Society  of  Sciences 
at  Gottingen,  Germany,  and  member  of  the  Scientific  Society 
of  Christiania,  Norway :  in  1903  he  was  elected  Corresponding 
Member  of  the  Geological  Society  of  Stockholm  and  Foreign 
Member  of  the  Mineralogical  Society  of  Great  Britain :  in  1904 
the  University  of  Wisconsin  conferred  upon  him  the  degree  of 
Doctor  of  Laws.  He  was  also  a  member  of  the  Connecticut 
Academy  of  Arts  and  Sciences  and  a  Fellow  of  the  Geological 
Society  of  America. 

As  a  teacher  Penfield  was  a  striking  example  of  what  may 
be  accomplished  by  an  intelligent  and  painstaking  devotion  of 
one's  effort  toward  a  given  end.  He  was  not  naturally  gifted 
as  a  teacher — as  a  lecturer  and  speaker — as  some  men  are.  Of 
an  extremely  modest,  quiet  and  retiring  disposition  and  some- 
what reserved  except  among  his  intimate  friends,  he  always 
found  it  difficult,  and  naturally  disliked,  to  express  himself  in 
public.  Thus  at  the  outset  the  management  and  instruction  of 
students  in  nnmbers  was  for  him  not  an  easy  matter.  But  he 
so  entirely  overcame  this  and  perfected  to  so  great  a  degree  his 
methods  of  teaching,  that  the  many  students  who  came  under 
his  instruction  regarded  him  as  one  of  the  best  teachers  in  the 
University.  In  laboratory  work,  where  the  contact  with  the 
student  is  personal,  he  always  had  great  success  from  the  begin- 
ning of  his  career,  because,  in  his  kindliness  of  disposition,  great 
patience  and  persistency,  and  in  his  interest  in  the  student  and 
his  work,  he  had  natural  aptitudes  which  specially  fitted  him 
for  this  kind  of  instruction,  and  he  took  morever  distinct  pleas- 
ure in  it.  He  always  insisted  upon  great  thoroughness  and 
completeness  in  allotted  work,  and  the  mental  discipline  and 
training  in  method  which  students  received  under  him  were  not 
less  valuable  than  the  knowledge  of  mineralogy  which  they 
acquired. 

With  those  who  came  under  him  for  advanced  instruction  he 
was  particularly  fortunate.  The  untiring  care  and  oversight 
which  he  gave  to  their  work  and  the  thoroughness  and  accuracy 
upon  which  he  insisted  gave  almost  invariably  successful  results, 
and  thus,  especially  in  research,  he  communicated  his  own  energy 
and  enthusiasm  to  his  pupils  and  stimulated  their  interest. 
This  is  clearly  shown  in  the  large  number  of  important  pieces 
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of  work  executed  by  him  in  conjunction  with  his  students  or 
by  thera  under  his  direction.  The  writer,  who  was  greatly  aided 
by  Peniield's  instruction  at  the  beginning  of  his  own  scientific 
work  in  mineralogy,  can  abundantly  testify  to  his  generous  help- 
fulness and  sympathetic  interest  in  others  and  their  work. 

Penfield  gave  unlimited  pains  and  thought  to  perfecting  his 
material  equipment  for  teaching  and  to  this  much  of  his  suc- 
cess was  due.  In  his  laboratory  he  had  many  carefully  chosen 
collections  of  models,  of  crystals  and  of  minerals,  each  de- 
signed for  particular  purposes,  and  the  arrangement  of  these 
and  of  the  apparatus  was  carried  out  with  a  system  and  a  com- 
pleteness for  uses  of  instruction  that  always  excited  the  admir- 
ation of  those  qualified  to  judge  of  their  character.  In  the 
same  way  with  great  skill  and  ingenuity  he  constructed  models 
and  apparatus  for  use  in  teaching  crystallography  and  the  opti- 
cal properties  of  minerals  to  his  classes  and  advanced  students. 
Nor  should  there  l>e  forgotten  in  this  connection  the  care  and 
labor  he  expended  in  preparing  the  new  edition  of  Brush's 
Manual  of  Determinative  Mineralogy,  the  additions  to  which, 
dictated  by  his  experience  in  teaching,  are  of  the  greatest 
value  to  students. 

It  was  in  fact  a  question  which  Penfield  ever  had  upon  his 
mind — how  he  could  improve  his  methods  and  equipment  for 
instruction,  and  as  a  result  they  attained  to  so  high  a  degree  of 
completeness  and  practice  that  many  teachers  of  mineralogy 
who  were  not  his  pupils  found  a  visit  to  his  laboratories  a 
source  of  help  and  inspiration. 

It  is  a  matter  of  satisfaction  to  his  friends  that,  after  the 
first  attack  of  illness,  his  life  was  spared  long  enough  for  him 
to  realize  his  cherished  ambition  in  the  completing  of  the  new 
laboratories  he  had  planned  in  Kirtland  Hall  and  in  the 
arrangement  and  perfecting  of  their  equipment.  In  his  new 
quarters  he  passed,  in  spite  of  illness,  two  very  happy  years  of 
busy  work,  with  his  students  and  in  investigations. 

Pentield's  activities  were  not  confined  to  his  laboratory. 
In  the  middle  eighties  he  spent  two  summers  as  assistant  in 
geological  work  to  Professor  Iddings  in  the  survey  of  the 
Yellowstone  Park,  and  later  a  number  of  summers  were  spent 
by  him  in  northern  New  York,  in  North  Carolina  and  Colo- 
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rado,  collecting  minerals  and  studying  their  modes  of  occur- 
rence and  field  relations.  The  inspiration  to  a  number  of 
important  pieces  of  work  was  given  by  these  experiences. 
He  also  spent  two  summers  in  Europe,  in  1894  and  again  in 
1897,  visiting  other  workers  in  his  science  and  seeing  collec- 
tions and  well  known  mineral  localities.  In  these  travels  he 
was  everywhere  cordially  received  and  made  a  large  number 
of  friends. 

For  many  years  Pentield,  with  several  of  his  colleagues,  one 
of  whom  was  the  late  Prof.  C.  E.  Beecher,  lived  in  apartments 
in  the  top  of  one  of  the  buildings  of  the  Sheffield  School.  In 
this  little  coterie  of  young  scientists  were  knitted  enduring 
bonds  of  intimacy  and  friendship  which  had  the  most  happy 
effect  upon  his  life  and  work  and  in  it  he  both  gave  and 
received. 

As  previously  remarked^  Pentield  was  distinguished  by  a 
broad  humanitarianism,  by  a  warm  heart  and  ready  sympatliy 
which  responded  quickly  to  every  call.  He  was  always  inter- 
ested in  charitable  work  and  for  many  years  was  a  weekly 
visitor  to  the  children's  ward  in  the  City  Hospital,  where  he 
cheered  and  helped   the-little  patients. 

In  January  1897  he  married  Miss  Grace  Chapman  of 
Albany,  N.  Y.,  who  survives  him.  His  great  happiness  in  his 
married  life  and  in  the  home  circle  he  drew  around  him  and 
in  its  generous  hospitality  was  evident  and  a  matter  of  sincere 
pleasure  to  all  his  friends. 

The  dominant  notes  of  Penfield's  character  as  a  man  were 
his  benevolence,  his  simplicity,  earnestness  and  dow^nright  hon- 
esty and  sincerity  in  word  and  deed.  These  traits,  togetlier 
with  a  certain  sweetness  of  disposition  and  a  wonderful 
patience,  never  more  strikingly  shown  than  during  his  illness, 
greatly  endeared  him  to  his  friends.  To  know  him  well  was 
to  love  him. 

Great  as  is  the  loss,  that  a  man  of  Penfield's  type  should  be 
cut  off  in  the  midst  of  his  active  career,  and  sincere  and  deep 
as  our  sorrow  must  be  thereat,  there  is  a  satisfaction,  which 
helps  somewhat  to  console,  in  the  thought  that  all  there  is  to 
such  a  man  can  never  die.  The  work  that  he  achieved  still 
remains,  and  better  yet,  the  influence  and  memory  of  the  high 
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principles  he  inculcated,  not  only  in  science  bnt  in  daily  life, 
as  a  man  and  a  citizen,  still  mould  the  thoughts  and  feelings  of 
his  friends  and  students.  His  science  is  better  today,  not  only 
by  what  he  did,  but  still  more  by  the  influence  he  exerted  and 
the  high  ideal  of  character  he  left  behind  him.  This  is  a 
precious  heritage  which  can  never  be  lost. 

The  portrait  accompanying  this  notice  has  been  reproduced 
from  a  photograph  taken  some  four  years  ago. 

L.    V.    PiBSSON. 
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Art.  XXXIV. — 2*hs  Condtictivity  of  Air  in  an  Intense 
Electric  Field  and  the  Siemens  Ozone  Generator;  by 
Abthur  W.  Ewell. 

In  connection  with  a  study  of  the  electrical  production  of 
ozone,  the  writer  desired  information  regarding  the  electrical 
conductivity  of  air,  self-ionized  in  a  strong  electric  field.  Since 
little  qualitative  and  no  quantitative  data  could  be  found,  the 
writer  investigated  the  subject  and  obtained  the  results  here 
presented. 

For  quantitative  measurements  the  ionization  should  be 
uniform  over  a  considerable  cross  section.  Parallel  electrodes 
of  relatively  large  area  ffive  the  most  uniform  field,  yet  at  una- 
voidable minute  projections  on  the  electrodes  the  electric  force 
will  be  excessive  and  the  air  will  be  considerably  ionized 
before  it  is  elsewhere.  Owing  to  the  increased  conductivity 
of  this  air,  the  electric  force  increases  in  the  remainder  of  the 
distance  to  the  other  electrode  and  a  narrow  discharge  or 
spark  occurs  before  the  potential  is  sufficient  to  uniformly 
ionize  the  air. 

If  an  alternating  electromotive  force  is  employed  a  plate 
of  dielectric  such  as  g^lass  may  be  interposed  in  the  air  and  any 
current  in  the  air  will  be  transmitted  through  the  glass  as  a 
displacement  cuiTcnt.  There  will  still  be  excessive  ionization 
in  the  immediate  vicinity  of  any  minute  projections  on  the 
electrodes,  but  the  dielectric  prevents  the  appreciable  extension 
of  this  ionization  as  a  spark,  and  when  tne  electric  force  is 
sufficient,  the  entire  body  of  air  is  very  uniformly  ionized. 

The  ionization  current,  when  large,  is  accompanied  by  a 
loud  noise  and  the  air  between  the  electrodes  is  of  a  very 
uniform  purple  color. 

The  apparatus  used  is  illustrated  in  fig.  1.  The  electrodes 
A  and  B^  of  tinned  copper,  and  the  glass  plate  C,  constitute 
essentially  the  simplest  type  of  Siemens  ozone  generator.*  F 
and  F^  are  equal,  non-inductive  resistances.  ^  is  a  Thomson 
electrostatic  voltmeter.  H  is  one  of  Prof.  Harold  B.  Smith's 
high  potential  transformers  with  a  maximum  ratio  of  trans- 
formation of  1000 : 1  and  a  capacity  of  100  kw.  One  side  of 
the  transformer  was  grounded  and  the  potential  of  the  other 
side  was  obtained  from  the  primary  voltage,  read  at  G.  From 
readings  of  the  actual  secondary  voltage  with  a  Braun  electro- 
meter, K^  for  secondary  currents  of  various  magnitudes  and 
phases,  the  ratio  of  transformation  was  found  to  be  accurately 
500 : 1,  the  ratio  for  which  the  primary  was  connected. 

The  discharge  heated  air,  glass,  and  electrodes.  Since  the 
dielectric  constant  of  the  glass  increases  with  rise  of  tempera- 
ture and  since  it  was  essential  that  the  temperature  of  the  air 

*See  article  by  the  writer  in  Phys.  Rev.,  p.  244,  April,  1906. 
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should  be  definite,  the  air  under  investigation,  between  elec- 
trodes and  glass,  was  frequently  renewed,  the  glass  was  cooled 
whenever  it  became  appreciably  warmer  than  the  electrodes 
and  the  electrodes  were  maintained  at  a  constant  temperature 
by  ten  liter  water  baths  directly  behind  them.  For  tne  small 
polar  distances  employed,  such  electrodes  were  able  to  keep  air 
and  glass  approximately  at  their  own  temperature. 

Electrode  B  was  30"^"*  X  30"".     Electrode  A  consisted  of  an 
iimer  portion  20^  X  20"",  soldered  directly  to  the  water  tank, 
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and  an  outer  guard  ring  insulated  from  the  tank,  the  separation 
from  the  central  portion  bein^  1™™  and  the  outer  edge  SO*""*  X 
30"".  The  central  portion  and  the  guard  ring  were  accurately 
in  the  same  plane.  Without  the  guard  ring  there  was  consid- 
erable spreading  of  the  discharge  at  the  edges,  which  became 
f)articularly  serious  when  the  difference  of  potential  was  so 
ligh  that  the  electric  intensity  was  sufficient  to  ionize  the  air 
along  paths  bending  f-ar  out  from  the  direct  line  of  the  edges. 
The  current  through  the  air  opposite  the  central  portion  was 
determined  from  the  fall  of  potential  across  the  non-inductive 
resistance  F.  The  insulation  of  the  guard  ring  was  assured 
by  testing  with  a  telephone,  and  by  measuring  the  current 
through  jT  when  F'  was  varied.  If  the  insulation  was  perfect 
the  current  through  7<^  was  practically  independent  of  F\ 
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Under  the  alternating  difference  of  potential  between  the 
electrodes,  displacement  currents  traversed  air  and  glass,  and 
when  a  certain  difference  of  potential  was  exceeded,  depending 
upon  the  distance  between  the  electrodes,  the  air  was  ionized 
and  a  conduction  current  was  established  in  the  air.  The  dis- 
placement currents  follow  well  known  laws  and  it  is  the  cur- 
rent transported  by  the  ions  in  the  air  and  the  electromotive 
force  applied  to  the  air  which  is  of  interest.  The  displace- 
ment current  in  the  air  is  a  quarter  period  in  advance  of  the 
electromotive  force  and  the  ionization  current  is  in  phase 
with  the  electromotive  force.  The  current  in  the  glass  will  be 
a  displacement  current  equal  to  the  vectorial  sum  of  the  two 
currents  in  the  air,  but  it  is  most  convenient  to  resolve  it  into 
two  parts,  each  in  phase  with  the  corresponding  current  in  the 
air,  and  to  resolve  similarly  the  electromotive  force  applied  to 
the  glass. 

In  fig.  2,  let  A  represent   the   total   e.m.f.   applied  to  air 
and  glass,  B  the  total   e.m.f.  applied   to  the  glass,    C  that 
applied   to   the    air.      B  is 
the  vectorial  sum  of  2?,  the  ^ 

e.m.f.  required  to  maintain 
in  the  glass  the  equivalent 
of  the  displacement  current 
in  the  air,  and  E  the  e.m.f. 
required  for  the  equivalent 
of  the  ionization  current  in 
the  air.  J.,  the  total  applied 
e.m.f.,  is   observed  directly, 

jB,    the   e.m.f.    required    to    ^ £ J    P 

maintain  the  total  current  in 
the  glass,  can  be  determined  with  electrodes  directly  against 
the  glass.  Since  D  maintains  a  displacement  current  in  the 
glass  which  requires  an  e.m.f.  C  in  the  air,  their  ratio  must  be 
the  inverse  ratio  of  the  capacities  of  two  plate  condensers  of 
equal  area,  one  having  the  given  thickness  of  air  as  its  dielectric 
and  the  other  the  glass.  If  k  is  the  dielectric  constant  of  the 
glass,  r/,  the  thickness  of  the  glass  and  rf,  that  of  the  air, 

— —  =  -t't-  or  D  =^  rC  where  r  is  a  constant.        (1) 
Moreover  by  geometry  C^^r^CD  =^  A*  —  B* 

to  a  sufficiently  close  approximation,  for  the  e.m.f.  applied  to 
the  air.     The  magnitude  of  the  ionization  current  equals  the 
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total  current  less  the  air  displacement  current,  and  it  is  the 
geometrical  difference  or  the  square  root  of  the  difference  of 
the  squares,  since  the  ionizations  and  displacement  currents 
differ  in  phase  a  quarter  period.  The  displacement  current 
obviously  equals, 

4^(^.9-10"    ^  ^^^ 

where  n  is  the  frequency  (=  60),  A  the  area  of  the  electrodes, 
d  the  thickness  of  air,  and  (7,  as  before,  the  e.ra.f.  applied  to 
the  air. 

The  following  observations  of  a  typical  experiment  will 
illustrate  the  preceding  paragraphs : 

July  5.  Fair,  Dry.     Bar.  =  76*2,  Temp,  of  water  =  22**-6. 

Thickness  of  glass  =•69'^'°,  of  air  =  •43'^°'.* 

Primary  e.m.f.  =  68-6t  .'.  e.m.f.  applied  to  electrodes (=2!) 
=  29300.t 

Non-iuductive  resistance  =  40000.  Electrostatic  voltmeter  = 
187t  .'.  Total  current  =  4-67  milliamperesf. 

From  the  curve  of  the  observations  of  May  1  (see  below)  an 
e.m.f.  of  23300  (=  B)  was  required  to  maintain  a  current  of 
4*67  milliamperes  in  the  glass.  The  effective  area  of  the  cen- 
tral portion  was  404""',:j:  and  using  the  above  values  of  the 
thickness  and  the  frequency,  Jc  comes  out  8*4,  in  electrostatic 
units,  and  r  =  '16.  By  formula  (2^  tlie  e.m.f.  applied  to  the 
air  =  15900  and  correcting  as  described  above  for  the  displace- 
ment current,  the  ionization  current  in  the  air  4*15  milliamperes. 

Observations, — Glass  =  Plate  glass,   70^"  X  80^™,  •59'^"  thick. 
May  1.  Sultry.     Bar.  =  74  3,  Temp.  =  20^ 

Electrodes  of  tin  foil  pasted  on  glass,  areas  and  guard  ring 
same  as  for  copper  electrodes  described  above. 

E.m.f.  in  volts,  cnrrent  in  miUiamperes. 
E.m.f.  30700     28500     26500     24200     22200     20000     18000 

Current.  6*20        6-70        5-30        4  90        4*45        3-97        3*50 

E.m.f.  12200     10000       7000       5000     15300 

Current.  3-00        2  45         1-90        1*38         1*00 

July  5.  Dry.     Bar.  =  75-2,  Temp.  =  22°-5. 
Tinned  copper  electrodes  as   described   above.     Thickness  of 
air  =  -43. 

E.m.f.  37000     34700     32000     29300     26500     24300     21500 

Current.  660        6-00        5*40        4*67        4-20        3*45        2*90 

E.m.f.  19000     17500     16000     14000     13000     11300     40200 

Current.  2-30        2*20         1-73         1*08  '77  -48        7*40 

♦Total  thickness  of  air  on  both  sides  of  glass.  The  current  was  not 
appreciably  affected  if  the  glass  was  not  exactly  midway  between  the  elec- 
trodes. 

f  Effective,  thronghout. 

i Maxwell,  Elect,  and  Mag.,  g  228. 
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Conditions  identical  except  air  thickness  =  1*31. 

E.m.f.  36500     39300     34200     31700     29300     27000     24600 

Current:  6*20        6*60        5-70        5-00        3-80        2-64 


1-48 


Era.f. 
Current. 


22200  23000  37800  39300 
•54     -71    6-50    6-90 


July  6.  Dry.  Bar.  =  76-9,  Temp.  =  20°.  Air  thickness  =  •20'^° 


E.m.f. 
Current. 

E.m.f. 
Current. 

E.m.f. 
Current. 


40200 
7-80 

42300 
8-20 

16300 

1-88 


38000 
7-30 

39500 
7-60 

12500 
1-26 


36200 
6-70 

37500 
7-00 

10500 
•95 


34200 
6-30 

41500 
7-90 

13800 
1-61 


31800 
5-60 

23200 
3-70 

17000 
2-30 


Identical  conditions  except  air  thickness  =  2*41. 

E.m.f.     40700  40000  38200  39000  36800 
Current.    6*90    7*00   6*70   6*40    6*00 


E.m.f. 
Current. 


37000     38500     40500     40000     32800 
5-00         5^80        6-60         6*50         1*44 


29000 
5-00 

21500 
3-30 

8500 
•60 


35200 
2-75 

31300 
•48 


26300 
4-35 

19300 
2-75 

39500 
7^40 


35700 
3  55 


Tliese  results  are  plotted  in  fig.  3  and  full  lines  are  drawn 
through  the  observations.  The  dotted  curves  show  the  rela- 
tion between  the  e.m.f.  applied  to  the  air  and  the  ionization 
current  and  are  calculated,  as  described  above,  from  the  full 
curves. 

As  a  check  upon  these  observations,  similar  experiments 
were  made  with  a  different  glass. 

Glass  =  Window  glass  7o<^™  x  90^°*,  average  thickness  =  '24. 
July  7.  Dry. '   Bar.  =  75  5,  Temp.  =  17°. 

Tinfoil  electrodes,  pasted  on  glass,  similar  to  those  used  with 
plate  glass. 

E.m.f.  26000     24000     22300     21200     19700     18400     15700 

Current.        1010        9-40        8  80        8*20        7^70        7  00        6*20 


E.m.f. 

13700 

11300 

9500 

6300 

5000 

4300 

Current. 

5-40 

4-40 

365 

2-57 

1-95 

2  63 

k  =  0-7. 

July  9.  Damp.     Bar.  75^3,  Temp.  =  21°. 

Tinned  copper  electrodes  described  above.     Thickness  of  air  = 
1  -66. 


E.m.f. 
Current. 

E.m.f. 
Current. 


32000 
lo-OO 


31000 
8-50 


29300 
U-90 


27500 
5-70 


26500 
3  95 


25500 
2-55 


24800        23500        31700 
9-50  4-40  9-40 
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£.ni.f. 
Current. 


32700  30500  29000  27000  24300  22300  19700 
11-6   10-10    9-30    8-40    7*00    G'lO    6-20 


£.m.f.     48000   15300   12500  10500   8500 
Current.   ,  4-07    3*10    196   119    -63 
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Fio.  8.  AbscisMB  =  Tolts.  Ordinates  =  milliamperes.  I,  Electrodes 
against  •59«"  of  plate  ^lass.  II,  59«»  of  glass +-20*"  of  air.  Ill,  •59*"  of 
glass +*43«"  of  air.  IV,  •59«'»  of  glass +  1 -SI*"  of  air.  V,  •59«'°  of  glass + 
2-4l«  of  air.  H',  III',  IV',  and  V  are  corrected  carves  of  II,  III,  IV,  and 
V  respectivelj  and  give  the  relation  between  the  e.m.f.  applied  to  the  air 
and  the  ionization  current. 

These  observations  are  plotted  in  fig.  4.  The  corrected 
curves  fit  in  well  with  the  curves  of  fig.  3  for  the  different  dis- 
tances. 

The  lower  portions  of  the  corrected  curves  show  the  well 
known  rapid  increase  of  current  with  slight  increase  of  poten- 
tial, while  in  the  upper  portions  two  facts  are  conspicuous,  first, 
that,  ds  the  ionizatimi  current  in  the  air  increases  the  electro- 
motive force  necessary  to  maintain  the  current  decreases^  and, 
second,  that,  as  the  current  increases^  the  curves  for  the  dif 
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f event  distances  approoAjli  each  other.  The  latter  result  may 
be  explained  by  the  compensation  of  the  reduction  in  electric 
force  when  the  electrodes  are  separated,  by  the  increased 
volume  in  which  ionization  occurs.  The  first  result  shows 
that  when  the  current  is  increased   beyond  the   values   repre- 


20Q«« 
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Fia.  4.  Abscissae  =  volts.  Ordinates  =  miniamperes.  I,  Electrodes 
against  •24'='°  of  window  glass.  II,  •24<='»  of  glass -f  '^O*^™  of  air.  Ill,  24*»  of 
glass  and  l-66"='"  of  air.  11'  and  III'  are  corrected  curves  of  II  and  III 
respectively  and  give  the  relation  between  the  e.m.f.  applied  to  the  air  and 
the  ionization  current. 


ented  by  the  familiar  lower  portions  of  the  curves,  the  air 
under  normal  conditions  exhibits  so  called  "  negative  resist- 
ance, "    which  has  hitherto  been  demonstrated  only  under  the 
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special  conditions  of  high  temperature  (the  arc  discharge*), 
and  low  pressure.f 

The  following  empirical  formula  agrees  approximately  with 
the  upper  portion  of  the  corrected  curves  (i.  e.,  where  the 
current  density  exceeds  15  microamperes  per  square  centi- 
meter) : 

"^^    yd 

where  i  is  the  current  per  square  centimeter  in  microamperes 
and  y  is  the  electromotive  force  applied  to  the  thickness,  rf, 
of  air. 

The  effective  values  of  the  potentials  at  which  appreciable 
ionization  commences  and  the  maximum  electric  intensity  at 
the  different  distances  are  as  follows : 

Air  thickness  ...         '20  43       1-31       2*41  30       1*66 

Ionization  potential  ...       6000     9000    19000    30000      6000    22000 

Ionization  intensity  (max.)  ...  423000    29600    21200    17000    28200    18400 

The  latter  is  given  approximately  by  the  formula : 

F^^  =  22,500  3^  (5) 

The  decrease  in  requisite  intensity  for  ionization  with 
increase  in  distance  is  probably  due  to  partial  ionization.:}: 

In  tig.  5  are  plotted  t\\Q  power  factor  and  power  absorbed 

for  the  different  distances.     [From  fig.  2  it  is  readily  seen  that 

the  power  factor  is  the  sine  of  the   angle  between  A^  the 

applied  e.m.f.,  and  B^  which  is  a  quarter  period  in   advance- 

F  C 
of  the  total  current :  =  ~7~ji  5  ^"^  ^^^^  power  absorbed  is  the 

product  of  the  current,  the  potential  applied  to  the  electrodes, 
and  the  power  factor.] 

The  current  heats  the  glass  but  little  and  therefore  before 
appreciable  ionization  begins  the  current  and  e.m.f.  differ  in 
phase  by  nearly  a  quarter  period  and  the  power  factor  is  low. 
When  ionization  commences  this  part  of  the  current  in  the  air 
is  in  phase  with  the  e.m.f.  and  hence  the  power  factor 
increases.  As  the  ionization  current  increases,  however,  the 
fraction  of  the  total  e.m.f.  which  is  applied  to  the  glass  must 
greatly  increase,  and  since  in  the  glass,  e.m.f.  and  current 
differ  in  phase  by  a  quarter  period,  the  power  factor  reaches  a 
maximum  and  then  decreases  with  increasing  current. 

*  Thomson,  Conduction  of  Elec.  through  Gases,  §  214. 
t  Winkelmann,  IV,  2d  ed.,  p.  519;  Townshend,   PhU.  Mag.,  March,  1905, 
p.  289;  Toepler.  Ann.  der  Phys.,  xiv,  p.  757,  1905. 
X  Thomson,  Condaction  of  £Iec.  through  Gases,  §  197. 
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The  cnrveB  for  the  power  absorbed  show  that  the  power 
absorbed  does  not  increase  proportionally  witli  increasing  dis- 
tance or  current  and  is  independent  of  the  tliickneee  oi  the 
glass. 


Fia,  5.  Power  factor  and  power  absorbed  in  a  Siemons  ozoDiiar.  Ab- 
BcisuiB  =:ioniiatiou  current  in  loiliiamperes.  Ord  i  nates  ;  left  =  power  factor; 
right  =  watts.  Effective  area  of  dinchJirge  =  4114""'.  Temp.  =  (approi.)aO°, 
1,  11,  111  and  IV  give  the  power  factors  for  ■59'"  of  plate  glae«  +  -30'",  43™, 
1  31'",  and  2-4r°'  of  air,  respectively;  A  and  B  for  ■34"°'  of  window  glnsa-t- 
■30"°  and  1-66™  of  air.  respecfivaly.  I',  II',  III',  IV,  A',  and  B'  are  the 
corresponding  curves  for  the  power  nbsorbed. 
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The  complete  electrical  characteristics  of  any  type  of 
Siemens  ozonizer  may  be  approximately  calculated  from  the 
relations  given  above,  if  the  dimensions,  and  the  dielectric 
constant  of  the  dielectric  for  the  particular  frequency 
employed,  are  known.  The  minimum  potential  is  obtained 
from  equation  (5).  jB,  fig.  2,  may  be  calculated  from  equation 
(3),  adding  h  to  the  numerator,  and  C  from  equations  (1)  and 
(2i  and  then  the  ionization  current  per  square  centimeter, 
wnen  large,  is   given  by   equation   (4) ,  on  substituting  for  V 


6 


loeoo 


a  0004 


30000 


Fig.  6.  Inflaence  of  Temperature.  Abscissae  =  volts.  Ordinates  =  milli- 
amperes.  I,  II,  III,  Electrodes  against  'fiO'™  of  plate  glass.  IV,  V,  VI, 
•69*"  of  glas8+-43*«  of  air.  Temperatures.  I,  03"  ;  II,  20** ;  III,  7";  IV, 
54**  ;  V,  18"  ;  VI,  5°.     (These  observations  are  uncorrected  ;  see  text.) 

the  value  found  for  (7,  and   the   power  factor   may  then   be 
calculated. 

The  ratio  of  current  to  electric  intensity  is  greatest  in  curve 
T^*of  fig.  3,   where   7  milliamperes    are    maintained   by   an 

electric  intensity,  F^  of  -^.-j—  .    Substituting  in  the  equation 

i  =1  n  e  V  F 
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lO"**  for  e  ;  1*55  for  v,  which  is  Chattock's  value  for  the  mean 
velocity  of  the  ions  in  the  point  discharge  at  atmospheric  pres- 
sure, under  unit  intensity  ;*  and  ^-J-^ .  10"'  for  i,  the  current  per 
square  centimeter  ;  n,  the  number  of  ions  per  cubic  centimeter 
comes  out  1.3  •  10**.  Taking  the  number  of  molecules  per 
cubic  centimeter  as  2.4  •  10'*,  the  proportional  ionization  of  the 
molecules  is  2.7 '  \0''\\ 

The  effect  of  temperature  and  the  displacement  current 
before  ionization  begins  are  illustrated  in  ng.  6.  Both  elec- 
trodes were  30*^"  X  30*"".  No  guard  ring  was  used  because 
the  insulated  guard  ring  made  it  difficult  to  maintain  a  uniform 
temperature  different  from  that  of  the  room,  and  the  area  of 
the  inner  portion  was  too  small  to  enable  the  displacement 
current  to  be  measured  witli  the  apparatus  at  my  disposal. 
The  curves  are  therefore  uncorrected.  The  temperature  within 
this  range  has  evidently  little  influence  except  upon  the 
dielectric  constant.  The  dotted  line  gives  the  calculated 
displacement  current  (equation  (3)). 

An  alternating  e.m.f.  has  been  employed  throughout  for 
reasons  explained  at  the  beginning.  The  character  of  the 
e.m.t.  could  not,  however,  qualitatively  affect  the  main 
results,  and  therefore, /b;*  air  at  ordinary  temperature  and 
pressure^  as  the  current  carried  through  the  air  hy  ions 
inc7*eases,  the  required  electromotive  force  slowly  increases  to 
a  7naximuni  and  then  decreases^  and  tends  to  become  inde- 
pendent  of  the  thickness  of  air.  Moreover,  for  alternating 
electromotive  forces  of  approximately  sine  form,  quantitative 
results  have  been  obtained  which  make  possible  the  calculation 
of  Siemens  ozonizers. 

I  wish  to  express  my  thanks  to  Prof.  Harold  B.  Smith  for 
the  use  of  the  high  potential  apparatus  of  the  Department  of 
Electrical  Engineering. 

Worcester  Polytechnic  Institnte,  September,  1906. 

*  Thomson,  Conductivity  of  Elec.  through  Gases,  p.  56. 

f  Compare  the  data  given  in  Winkelmann,  vol.  IV,  2d  ed.,  p.  561. 


S.  E,  Moody — Iodides  and  lodates.  379 


Art.  XXXV. — The  HydrolyHis  of  Salts  of  ArtivioniuTn  in  the 
Presence  of  Iodides  and  lodates  /  by  Seth  E.  Moody. 

[Contributions  from  the  Kent  Chemical  Laboratory  of  Yale  Univ. — cxlix.] 

Bbuck*  has  shown  that  when  salts  of  ammonium  are  sub- 
jected to  heat  they  are  h3'drolyzed  and  that  as  the  acid  is 
increased,  either  as  a  direct  product  of  this  hydrolysis,  or  by 
addition,  further  dissociation  is  inhibited.  The  decrease  in 
dissociation  is  dependent  upon  the  increase  of  the  acid,  and 
when  sufficient  acid  is  present,  further  hydrolysis  is  entirely 
prevented.  The  amount  of  hydrolysis  is,  however,  small  under 
the  most  favorable  conditions. 

It  is  interesting  to  discover  how  rapidly  hydrolysis  will  pro- 
ceed if  the  free  acid  is  constantly  removed  by  the  presence  of 
a  mixture  of  potassium  iodide  and  potassium  iodate,  and  with 
this  end  in  view  a  solution  of  ammonium  sulphate,  containing 
5  grms.  to  a  liter,  was  prepared  with  which  to  carry  out  subse- 
quent experiments.  The  value  of  the  solution  was  determined 
by  precipitating  barium  sulphate,  and  by  calculation  its  equiv- 
alent in  iodine  according  to  the  equation 

3H,SO,  +  6KI  +  KIO,  =  3K,S0,  +  3H,0  +  6I 

was  found  to  be  0*4773  grm.  of  iodine  to  25^°"*  of  the  ammo- 
nium sulphate,  upon  the  supposition  that  all  the  sulphate  of 
ammonia  can  be  broken  up  and  that  the  full  amount  of  sul- 
phuric acid  may  be  made  available  for  reaction  with  the  iodide- 
lodate  mixture. 

To  the  solution  of  ammonium  sulphate  were  added  potassium 
iodide  and  potassium  iodate  and  the  mixture  was  allowed  to 
stand.  At  the  ordinary  temperature  of  the  room  little  effect 
was  noticed,  as  shown  by  the  following  results : 


Table  I. 

[OsSO*. 
cm*. 

KI. 

grm. 

KIO,. 
cm^. 

Time 

in 

hours. 

Approx.  N/10 
Na,SaOs. 
cm^. 

I. 
grm. 

25 

1-0 

20 

3 

0-25 

0-0031 

25 

1-0 

20 

3 

0-25 

0-003 1 

25 

10 

10 

19 

0-35 

00044 

25 

1-0 

10 

19 

0-35 

0-0044 

In  another  series  of  experiments  in  which  the  solution  of 
ammonium  sulphate  was  boiled  for  three  hours  in  an  Erlen- 
meyer  beaker  before  adding  the  iodide-iodate  mixture,  results 
were  obtained  which  vary  with  the  vigor  of  the  boiling,  but 
which  show  that  small  amounts  of  ammonia  are  volatilized,  as 

♦Dissertation,  Qiessen,  1903. 
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shown  by  the  subsequent  slight  liberation  of  iodine  upon  the 
addition  of  the  iodide-iodate  mixture  to  react  with  the  sulphuric 
acid  left  behind.  Yet  the  amount  of  hydrolysis  which  takes 
place  when  the  ammonium  sulphate  is  boiled  with  water  is 
greater  than  when  the  ammonmm  sulphate  and  the  iodide- 
iodate  mixture  are  allowed  to  stand  at  the  ordinary  room  tem- 
perature. 

The  following  table  shows  the  results  of  these  experiments : 


Tabus  II. 

(NH4),S04 
cm'. 

Time 

in 
hours. 

KI. 
grm. 

KIO,. 

cm*. 

Approx.  N/10 

Na,S,0,. 

cm*. 

I. 
grm. 

26 

3 

1-0 

10 

1-26 

0-0156 

25 

3 

1-0 

10 

1-66 

0-0193 

26 

3 

1-0 

10 

1-30 

0-0162 

26 

3 

•  i-o 

10 

1-47 

0-0183 

If  the  acid  produced  is  eliminated  as  fast  as  it  is  formed,  the 
hydrolysis  of  the  salt  should  proceed  more  rapidly.  The 
action  of  the  iodide-iodate  mixture,  which  reacts  with  the  sul- 
phuric acid  to  form  potassium  sulphate  and  iodine,  should 
oring  this  about ;  and  the  iodine  may  be  removed  by  boiling, 
in  the  presence  of  a  current  of  hydrogen,  and  collected  for 
estimation.  In  experiments  made  under  these  conditions  it 
was  found,  curiously  enough,  to  be  impossible  to  collect  the 
iodine  in  the  Drexel  ilask  used  as  a  receiver  when  charged 
with  potassium  iodide  only,  although  it  was  evident  that  much 
iodine  came  over.  It  appeared,  upon  investigation,  that  ammo- 
nium iodide  and  ammonium  iodate  were  formed  by  reaction  in 
the  receiver  between  tlie  liberated  iodine  and  tne  ammonia 
also  volatilized,  and  to  obviate  the  difficulty  sulphuric  acid  was 
added  to  the  contents  of  the  receiver  into  which  the  distillate 
was  passed.  Under  these  conditions  iodine  is  obtained  in 
amount  corresponding  to  that  which  should  be  eliminated 
when  the  ammonium  sulphate  is  entirely  hydrolyzed. 

This  is  shown  in  the  subjoined  table : 


Table  III, 

■ 

(NH4),S04. 
cm*. 

KI. 

grm. 

KIO,. 

cm^ 

Time 

in 
hours. 

H,SO« 

(1:1) 
in  the 

receiver. 

cm^. 

Approx. 
N/10 

Na,SaOa. 

cm*. 

I. 

grm. 

Diff. 
grm. 

25 

1-0 

10 

3 

40 

38-25 

0-4769 

—  0-0004 

25 

1-0 

10 

3 

40 

38-25 

0-4769 

—0-0004 

25 

1-0 

10 

3 

40 

38-30 

0-4775 

4-0  0002 

25 

1-0 

10 

3 

40 

38-25 

0-4769 

—  0-0004 

25 

1-0 

10 

3 

40 

38-23 

0-4766 

—  0-0007 
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Id  another  series  of  experimeDts,  the  apparatus  was  changed, 
so  that  the  distillate  passed  from  the  first  Voit  flask,  V,  through 
a  second  Voit  flask,  V',  containing  an  excess  of  standard  acid  to 
take  up  the  ammonia  and  then  into  the  receiver  coutaining 
potassium  iodide  without  acid. 

Table  IV  gives  results  of  experiments  thus  modified. 


Iodine  equlrslent  of  am- 

monia absorbed 

in  Yoit         Iodine  eaUmated  in 

Approx 

Time 

fiaak. 

Drezel  flaak. 

T^o'- 

^Wm- 

EI. 

KIO 

H,30. 

in 

Na^.O..      I. 

Diff.    Na,S,0,.       1.            Diff. 

Tin 

cm". 

cm'. 

honre 

grm.        cm'.        grm,          grm. 

■0 

20 

60 

3 

38-15  0-4757 

-0-0016  38-23  0-4767   -00006 

-0 

20 

50 

3 

38-20  0-4763 

-00010  38-26  0-4769  -0  0004 

■0 

20 

50 

H 

36-15  0-4757 

-0-0016  38-20  0-47f}3   -0-0010 

■0 

20 

50 

3 

38-20  0-4783 

-0-0010  38-27  0-4771   -0-0002 

•0 

20 

SO 

H 

38-17  0-4739 

— 0-0014  38-20  0-4763  —0-0010 

•0 

20 

50 

H 

38-15  0-4757 

—00016  38-20  04763  —0-0010 

■0 

20 

50 

3 

38-20  0-4763 

-00010  38-25  0-4769  —0-0004 

These  experiments  show  tliat  the  sulphuric  acid  neutralized 
in  the  Voit  Bask  isa  measure  of  the  ammonia  while  the  iodine  in 
the  Drexel  flask  corresponds  to  the 
sulphuric  acid  of  the  ammonium 
sulphate. 

Similar  results  were  obtained  with 
ammonium  chloride.  The  exact 
value  of  a  solution  of  5  grms.  of 
this  salt  made  up  to  500™'  was 
obtained  by  precipitatingand  weigh- 
ing the  silver  chloride  produced  bj 
silver  nitrate,  25™'  of  the  solution 
containing  of  the  salt  the  e(juivalent 
of  0-5922  grm,  of  iodine. 

Portions  of  this  solution  were  measured  from  a  burette  into 
a  flask,  to  whicif  was  added,  in  each  experiment,  the  iodide- 
iodate  mixture  and  in  the  presence  of  a  current  of  hvdrogen 
boiled  until  no  furtlier  color,  due  to  iodine,  remained.  The  dis- 
tillate was  passed  through  a  trap  of  standard  sulphuric  acid, 
to  absorb  the  ammonia,  into  the  Drexel  flask  charged  with  an 
afiiieouB  solution  of  potassium  iodide  to  dissolve  the  iodine, 
which  became  known  upon  titration  with  standard  sodium  thio- 
sulphate.  The  difference  in  amount  of  iodine  which  equivalent 
volumes  of  the  sulphuric  acid  used  in  the  trap  liberated  from 
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the  iodide-iodate  mixture  before  and  after  the  passage  of  the 
distillate  indicates  the  amount  of  ammonia  volatilized  in  the 
boiling. 
A  table  showing  results  of  such  experiments  follows : 


Table  V. 

Kl. 

KIO, 

Apprux. 

N/10. 
.  H,S04. 

Time 
in 

Iodine  eqaivaleni 
monia  absorbed 
fldBk. 

of  am- 

in  Voit          Iodine  estimated 

Drexel  flask. 

in 

Ammo- 
niam 
chloride. 

Approx. 

N/10 
Na,S,0,.      I. 

Approx. 
N/10 
Diff.    Na,S,0,.       I. 

Di 

cm'. 

grm. 

cm*. 

cm*. 

hours. 

cm',      grm. 

grm.       -  cm*.        grm. 

gr 

25 

10 

20 

50 

n 

47-47   0-5918 

—  0-0004  47  45  05916   - 

-0- 

25 

1-0 

20 

50 

2J 

47-40  0-5909 

—00013  47-44  0-5915   - 

-0- 

25 

10 

20 

50 

H 

47-50  0-5922 

±00000  47-48  0-5920    - 

-0- 

25 

1-0 

20 

50 

2i 

47-45  0-5916 

—0-0006   47-47  0-5918   - 

-0- 

25 

10 

20 

50 

H 

47-47  0-5918 

—  0-0004  47-48  0-5920   - 

-0- 

It  is  to  be  noticed  that  the  time  necessary  for  the  hydrolysis 
of  ammonium  cliloride  is  less  than  that  for  the  sulphate. 

On  account  of  the  time  required,  this  procedure  cannot  be 
considered  as  having  claims  to  be  called  an  analytical  method 
for  determining  ammonia,  or  the  acid-ion  of  either  of  these 
ammonium  salts,  except  under  circumstances  most  extraordi- 
nary. It  is  here  presented  because  the  hydrolysis  of  ammonium 
salts  must  not  be  ignored  in  work  wherein  such  salts  are  heated 
in  solution  with  the  iodide-iodate  mixture. 
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Art.  XXXVI. — The  Estimation  of  Fluarine  lodo^netrically  ; 

by  Albert  IIileman. 

[CoDtribufcions  from  the  Kent  Chemical  Laboratory  of  Yale  UDiversity— el.] 

It  is  obvious  that  the  reaction  by  which  fluosih'cic  acid  liber- 
ates iodine  from  a  mixture  of  potassium  iodide  and  potassium 
iodate  may  be  turned  to  account  in  the  analysis  of  fluorides  as 
well  as  in  the  determination  of  fluosilicicacid  provided  the  course 
of  action  is  regular. 

Upon  testing  the  action  of  hydrofluosilicic  acid  upon  the 
iodide-iodate  mixture,  it  was  found  that,  while  iodine  is  liber- 
ated freely  in  the  cold,  a  complete  reaction  was  not  obtained 
in  the  course  of  several  hours — the  amount  of  iodine  liberated 
indicating  that  an  acid  other  than  fluosilicic  acid,  as  a  unit,  was 
acting,  it  appeared,  hpwever,  that  on  boiling  the  mixture 
nearly  one  equivalent  of  iodine  is  liberated  for  every  equiva- 
lent of  fluorine  present  as  fluosilicic  of  hydrofluoric  acid.  The 
reaction  may  be  written 

oKI  +  KIO,  +  H,SiF.  =  6KF  +  6l  4-  SiO,  -  H,0 

To  the  fluosilicic  acid  in  a  flask  was  added  a  neutral  solution 
of  potassium  iodide  and  iodate  in  excess  and  the  flask  closed 
with  a  glass  stopper  fitted  with  a  trap  containing  a  solution  of 
potassium  iodide  to  retain  volatilized  iodine.  The  solution  in 
the  flask  was  heated  to  boiling,  then  cooled,  and,  together 
with  the  contents  of  the  trap,  titrated  with  a  standard  solution 
of  thiosulphate. 

In  section  A  of  Table  I  are  given  the  results  obtained  with 
a  solution  of  commercial  fluosilicic  acid.  Titrations  with  sodi- 
um hydroxide  and  comparative  iodometric  determinations  are 
given.  In  section  B  of  Table  I  the  results  of  similar  experi- 
ments with  fluosilicic  acid  made  by  the  action  of  hydrofluoric 
acid  on  an  excess  of  silica  are  given. 

The  indications  by  the  iodometric  method  are  lower  than 
those  of  the  alkalimetric  method  of  titration  by  about  0*0008 
grams,  on  the  average.  This  fact  would  indicate  that  the 
iodine  liberated  does  not  quite  correspond  to  the  complete 
hydrolysis  of  fluosilicic  acid  indicated  by  the  theoretical  equa- 
tion. 

Likewise  Table  II  shows  the  results  obtained  by  applying 
the  iodometric  method  to  the  silicon  fluoride  eliminated  from 
calcium  fluoride  according  to  the  method  proposed  in  a  pre- 
vious paper.* 

♦This  Journal,  xxii,  329. 
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Table  I. 

3,SiF. 

Standard 
NaOH, 

Standard 
NaaSsOt 

A 

Fluorine  found 

cm'. 

(lcm»  = 
(»005137 
of  Flaorine) 
cm. 

(lcm«  = 
0002835 
of  Fluorine) 
cm*. 

Grams 

25 

10-82 

•    ~    a    • 

0-0656 

25 

10-87 

•    •    •    • 

0-0559 

25 

10-83 

•    •    •    • 

0-0557 

25 

•  •  -  • 

23-54 

0-0549 

25 

•  •  •  • 

23-52 

0-0549 

25 

•  ••  -  » 

23-48 

0-0548 

25 

•  •  •  • 

23-50 

00548 

25 

•  •  •  • 

23-45 

0-0548 

25 



23-48 
B 

0-0548 

(lcm»  = 

0005187F 

of  Fluorine) 

(lcm»  = 
0002441 
of  Fluorine) 

25 

9-08 

•  *  «  « 

00466 

25 

9-05 

•  •  •  — 

00464 

25 

905 

«      W       M      « 

0-0464 

25 

M       «       «     ^ 

18-78 

•    0-0458 

25 

18-80 

0-0459 

Calcium  fluoride  was  treated  in  the  apparatus  figured  by  the 
metliod  described,  the  silicon  fluoride  was  absorbed  in  water 
and  after  separating  the  mercury  used  in  the  apparatus  by 
means  of  a  separating  funnel,  the  iodide-iodate  mixture  was 
added  to  the  solution  and  the  iodine  liberated  was  titrated  by 
sodium  thiosulphate. 


Table  II. 

CaF, 
Gram 

Ucm"' 
NaaSaOa 

=  002335) 
Theory 
Fluorine 

Found 
Fluorine 

Error 
Fluorine 

0-2500 

51-35 

0-1216 

01199 

00017 

0-23(10 

40-75 

0-11  19 

0-1091 

0-0028 

0-2300 

•NaF 

0-JOUO 

47-15 
38-/)0 

0-1119 
0-0903 

0-1100 
0-0899 

00019 
0-0014 

The  avera«:c  error  of  —  0-0019  grams  is  considerable  greater 
than  that  of  tlie  alkah'metiic  method,  0-0008  grams.  It 
ap])ears,  tlierefore,  that,  while  the  iodometric  method  of  deter- 
mining fluorine  in  fluorides  may  in  special  cases  present  some 
advantages,  it  docs  not  equal  in  accuracy  the  alkalimetric 
method  when  it  is  properly  conducted. 
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Art.  XXXYII. — Minerals  of  the  Co7nposition  MgSiO^;  A 
Case  of  Tetramof^hisni ;  by  E.  T.  Allen,  Fred  Eugene 
Wright  and  J.  K.  Clement. 

Part  I.— Formation  and  Properties  of  the  Four  Crystal 

Forms. 

The  study  of  maffuesiuni  silicate,  to  which  the  following 
pages  are  devoted,  is  part  of  a  general  investigation  of  the 
pyroxene  and  amphibole  groups,  and  had  for  its  immediate 
object  the  preparation  of  its  several  crystal  forms,  the  deter- 
mination of  the  conditions  under  which  these  may  be  produced, 
their  relative  stability,  and  the  measurement  of  their  acces- 
sible constants.  A  combination  of  accurate  data  of  this  kind 
with  the  geologic  study  of  the  occurrence  of  minerals  in  nature 
constitutes  the  only  reliable  basis  for  the  science  of  mineral 
genesis. 

The  materials  for  this  synthetic  work  consisted  of  the  pur- 
est quartz  and  magnesia  which  could  be  obtained.  The  quartz 
contained  about  0*1  per  cent  of  non-volatile  impurities  and  the 
magnesia  only  a  few  hundredths  of  one  per  cent  of  ferric  and 
calcium  oxides.  Some  slight  additional  contamination,  how- 
ever, usually  resulted  from  repeated  fusion  of  the  same  material. 
In  one  of  the  preparations,  which  had  been  remelted  ;nany 
times,  we  found  by  direct  analysis  0*3  per  cent  of  ferric  and 
aluminic  oxides  and  practically  no  other  impurities. 

Calculated 
Found.  for  MgSiO,. 

SiO, 69-865^  6000^ 

MgO   39-77  40-00 

A1,0,  and  Fe,0, -30 


-t- 


99-92  100-00 

Four  distinct  crystal  forms  of  magnesium  metasilicate  were 
found  to  exist  and  to  be  reproducible  at  will  in  tlie  laboratory. 
These  forms  agree  in  their  optical  and  other  physical  proper- 
ties closely  with  the  following  minerals :  (1)  the  monoclinic 
magnesian  pyroxene* ;  (2)  enstatite ;  (3)  kupflPeritef ;  (4)  a  mono- 
clinic  amphibole  corresponding  to  kupfferite;  our  products 
form  in  fact  the  end  members  of  certain  solution  series  toward 
which  the  natural  minerals  approach,  and  sometimes   almost 

♦Discovered  by  Fouqu^  and  Levy  in  certain  meteorites  (Bull.  Soc.  Min., 
p.  279,  1881)  and  by  the  authors  in  the  Bishopville  meteorite.  We  shall 
show  later  that  this  form  differs  considerably  in  its  axial  ratio  c :  a  from 
other  pyroxenes. 

f  See  Hintze,  Mineralogie,  Bd.  II,  p.  1190. 

Ak.  Jour.  Scl — Fourth  Series,  Vol.  XXII,  No.  131.— Novembeb,  1906. 
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reach,  when  practically  free  from  impurities.  The  conditions 
of  foanation  and  the  properties  of  these  four  minerals  will  lirst 
lie  dej?cril>ed ;  their  relations  to  one  another  vdW  then  be  con- 
sidered^! in  a  ^ub.sequent  |xjrtion  of  the  paper. 

1.  Mono^:lh}'tc  Pyroxene. — This  fonn  of  magnesium  silicate 
is  the  prrnluct  usual  I  v  obtained  from  fusion,  though  small  but 
variable  quantities  of  enstatite  and  kupfferite  commonly  crys- 
tallize with  it.  Ebelmen,*  who  was  the  first  to  synthesize  the 
monoclinic  magnesium  silicate,  accomplished  it  by  melting 
magnesia  and  silica  with  lx)ric  anhydride.  The  latter  sub- 
stance served  as  a  flux  and  was  eva|)orated  later  by  lonff-con- 
tinued  heating  at  a  high  temperature.  Hautefeuillef  reached 
the  same  result  by  dissolving  amorphous  silica  in  molten  mag- 
nesium chloride  with  partial  exclusion  of  moisture;  Stanislas 
Meunier:J  effected  its  s\Tithesis  through  the  action  of  silicon 
chloride  and  water  vapor  on  metallic  magnesium.  Haute- 
feuille,  Daubree  and  other  earlier  observers  mistook  this  form 
for  enstatite.  Their  work  was  done  at  a  time  before  modern 
microscopic  methods  had  been  developed,  and  their  conclu- 
sions were  therefore  based  chiefly  on  chemical  and  morpho- 
logical evidence,  which  misled  them,  as  was  proved  later  by 
Fouque  and  Levy§  and  by  Vogt,[  who  examined  the  original 
preparations  of  Ebelmen  and  Hautefeuille  preserved  in  the 
museum  of  the  College  de  France. 

In  our  own  experiments  we  have  observed  the  formation  of 
the  monoclinic  pyroxene  in  several  different  ways :  (1)  from  a 
melt  of  the  same  composition ;  (2)  by  heating  the  glass  to  a 
temperature  above  1300°;  (3)  by  heating  any  of  the  other 
crystalline  forms;  (4)  from  the  action  of  molten  magnesium 
chloride  or  tellurite  on  amorphous  silica;  (5)  by  recrystallizing 
magnesium  silicate  from  a  flux  of  magnesium  chloride,  mag- 
nesium vanadate,  calcium  vanadate,  or  tellurium  dioxide. 

(1.)  The  first  method,  except  under  conditions  of  slow  cool- 
ing, yields  crystalline  aggregates,  usually  in  radial  spherulites, 
consisting  chiefly  of  the  monoclinic  form,  generally  inter- 
mixed with  more  or  less  enstatite  and  kupfferite ;  but  if  the 
molten  silicate  crystallizes  at  a  temperature  only  slightly  below 
the  melting  point,  an  operation  which  can  readily  be  carried 
out  in  the  electric  resistance  furnace,  the  product  is  homo- 
geneous, and  consists  entirely  of  the  monoclinic  form.  This 
is  the  best  method  for  ])reparing  this  substance  in  quantity, 
though  the  crystals  are  not  individually  well  developed. 

(2.)  The  product  obtained  by  heating  the  glass  to  1300°  or 

♦Ann.  Chim.  Phys.  (8).  xxxiii,  58,  1851.  \\h\(i.  (4),  iv,  174,  1865, 

JConiptes  Rendus,  xc,  349,  1880. 

^  Synthase  des  Min^raiix  et  des  Roches,  p.  107. 

II  Mineralbildiing  in  Schmelzmassen,  p.  71.  These  observers  also  studied 
preparations  of  their  own,  and  Vogt  has  described  the  occurrence  of  the 
same  mineral  in  blast  furnace  slags. 


I 

Minerals  of  the  Coinposition  MgSiO^.  387 

more  was  similar  to  that  from  the  melt,  with  the  difference  that 
the  spherulites  and  tlieir  component  fibers  were  smaller.        ' 

(3.)  All  other  forms  of  magnesium  silicate  change  to  the 
monoclinic  pyroxene  by  heating  to  temperatures  from  1150° 
upwards,  the  temperature  depending  on  the  original  form  and 
the  time  allowed. 

(4.)  A  repetition  of  Hautefeuille's  work  proved  the  correct- 
ness of  his  observations  except  as  to  the  crystal  form  of  hia 
product.  Magnesium  chloride  dissolves  amorphous  silica  in 
the  presence  of  small  quantities  of  moisture 

(MgCl,  +  H,0  4-  SiO,  =  MgSiO,  +  2HC1) 

but  exerts  little  action  on  quartz.  Instead  of  the  chloride 
one  may  use  the  tellurite,  an  easily  fusible  salt  which  acts  as 
readily  on  the  silica  as  the  chloride,  has  the  advantage  of 
being  less  susceptible  to  the  action  of  water,  and  the  disad- 
vantage of  being  readily  reducible  to  the  metal  and  attacking 
the  platinum  crucible  in  which  the  fusion  is  made.  The  fol- 
lowing equation  represents  the  reaction : 

MgTeO,  +  SiO,  =  MgSiO,  +  TeO,. 

Tlie  tellurous  oxide  is  volatilized  at  the  temperature  of  the 
experiment  (700°-800°).  The  crystals  obtained  by  both  mag- 
nesium chloride  and  magnesium  tellurite  were  generally  small 
and  not  so  well  developed  as  those  crystallized  by  method  (5). 

(5.)  A  considerable  number  of  fluxes  were  found  to  dis- 
solve magnesium  silicate  at  temperatures  of  800°-1000°  and  to 
precipitate  it  again  in  crystals  of  the  monoclinic  variety,  a 
fact  which  has  an  important  bearing  on  the  question  of  the 
relative  stability  of  the  different  crystal  forms.  It  soon 
became  evident,  moreover,  that  certain  fundamental  questions 
connected  with  the  pyroxene  series  could  only  be  settled  by 
the  crystallographic  study  of  the  monoclinic  form,  so  that  we 
made  a  rather  extensive  investigation  of  the  conditions  nec- 
essary to  obtain  from  these  fluxes  crystals  sufficiently  well 
developed  for  measurement.  Among  these  solvents  which 
did  not  prove  satisfactory,  we  may  mention  calcium  chloride, 
sodium  sulphate,  sodium  chloride  and  potassium  chloride. 
The  last  two  gave  small  yields  of  an  unpromising  crystalline 
product  which  was  not  fully  investigated.  The  fusible  sili- 
cates of  lead,  sodium  and  potassium*  all  gave  glasses.  In 
point  of  time,  we  first  tried  fusil)le  magnesium  salts  as  proba- 
bly best  suited  to  dissolve  tlie  silicate  without  decomposing  it. 
Of  these  there  are  the  tellurite,  the  vanadate  and  the  chloride. 

With  Magnesium  Tellurite. — As  stated  above,  the  tellurite 
is  a  readily  fusible  salt,  and  though  not  soluble  in  water,  it 

*  It   was  found   later  that  a  solution   of  magnesiam  silicate  in  a  small 
qnantity  of  sodinm  and  potassium  silicates  yields  good  crystals  of  enstatite. 
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may  be  decomposed  with  hydrochloric  acid,  so  that  we  expected 
to  be  able  to  remove  the  excess  of  reagent  from  the  silicate 
without  difficulty.  The  sih'cate  and  tellurite  were  therefore 
mixed  in  about  equal  quantities  (about  5  grams  of  each)  and 
heated  in  a  covered  platinum  crucible  by  means  of  a  resistance 
furnace  to  prevent  reduction  of  the  telhirite.  At  1000°-1100° 
some  monoclinic  pyroxene  was  obtained,  but  the  greater  part 
of  the  product  proved  to  be  fosterite,  formed  by  the  decom- 
position of  the  tellurite  and  the  volatilization  of  tellurous  acid, 
which  partly  condensed  on  the  cooler  parts  of  the  furnace. 
The  equations : 

MgTeO.  +  SiO,  ==  TeO,  +  MgSiO,. 
2MgTeO.  +  SiO,  =  2Te(),  +  Mg.SiO,. 

represent  these  reactious.  The  crystals  obtained  by  this 
method  are  not  well  formed  and  it  is  difficult  to  remove  the 
tellurium  completely. 

The  above  reaction  led  us  to  believe  that  magnesium  silicate 
miicht  perhaps  crystallize  from  molten  tellurous  oxide,  but, 
though  well  developed  monoclinic  prismatic  crystals  were  occa- 
sionally obtained,  most  of  the  silicate  was  apparently  decom- 
p()6ed  by  this  method. 

^Ylth  Magnesium  Vanadate, — In  some  earlier  experiments 
on  wolJastonite  carried  out  in  this  laboratory,*  it  was  found 
that  calcium  silicate  could  be  readily  dissolved  and  recrystal- 
lized  from  molten  calcium  vanadate,  the  excess  of  which  could 
be  easily  removed  by  alternate  treatment  with  very  dilute 
hydrochloric  acid  and  ammonia;  we  therefore  expected  to  be 
more  successful  with  magnesium  vanadate  than  with  tellurite. 
The  conditions  followed  in  the  beginning  were  similar  to  those 
which  had  worked  so  well  with  calcium  silicate,  but  as  the  first 
results  were  not  satisfactory,  we  eventually  tried  various  pro- 
])ortions  of  silicate  and  vanadate  at  temperatures  ranging 
from  800°  to  1050°.  At  the  lower  temperature  monoclinic 
crystals  of  rather  poor  development  .were  obtained,  but  at  the 
higher  temperature  a  good  deal  of  fosterite  always  accom- 
panied it,  and  vanadic  an hy ride  was  evidently  set  free,  as  the 
product  wiis  colored  a  dark  brown.  Most  of  the  vanadate 
and  vanadic  acid  can  be  removed  by  cold  dilute  hydrochloric 
acid  and  hot  concentrated  ammonia,  but  several  per  cent  are 
generally  retained  by  the  silicate. 

With  C\ilcii(7n  Vanadate, — In  spite  of  our  apprehension  of 
double  decomposition  with  salts  containing  no  common  ion, 
we  found  that  calcium  vanadate  dissolved  and  crystallized 
magnesium  silicate  unchanged  in  composition  and   sufficiently 

*  AUen,  White  and  Wright,  this  Joarnal  (4),  xxi,  97,  1906. 
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well  developed  for  goiiiometric  measurement.  The  best 
results  were  obtained  by  following  the  conditions  just  referred 
to  for  the  formation  of  woUastonite.* 


t 


I 


With  Magnesium  Chloride  in  a  stream  of  Hydrochloric 
Acid  Gas, — These  experiments  were  carried  out  in  the  plat- 
inum crucible  iig.  1,  invented  by  Professor  Goocli  for  tlie 
determination  of  water  in  difficultly  decomposable  silicates.f 
It  consists  essentially  of  a  long  crucible  slightly  conical  in 
form,  with  a  collar  around  the  top  so  constructed  as  to  leave  a 
narrow  groove  between  it  and  the  cap  which  covers  the  cruci- 
ble. Into  this  groove  sodium  tungstate  can  be  melted  to  form  an 
air-tight  seal.  The  cap  is  so  constructed  as  to  permit  the  pas- 
sage of  a  current  of  gas  through  the  crucible. 

Two  or  three  grams  of  magnesium  silicate  were  first  put 
into  the  dry  uncovered  crucible.  A  quantity  of  anhydrous 
magnesium  chloride,  prepared  by  the  decomposition  of  mag- 
nesium-ammonium chloride:):,  was  heated  just  before  the  experi- 
ment in  a  current  of  dry  hydrochloric  acid  gas,  cooled  and 
dropped  immediately  into  the  crucible.     The  cover  was  then 

*Loc.  cit. 

tBnU.  U.  S.  Geol.  Survey,  No.  176,  p.  42. 

X  It  is  not  easy  to  prepare  magnesium  chloride  in  quantity  free  from  oxide  ; 
the  product  of  the  decoiiiposition  of  magnesium-ammonium  chloride,  as  thiB 
is  ordinarily  carried  out,  requires  a  thorough  treatment  with  dry  hydro- 
chloric acid  gas. 
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sealed  on  without  delay  and  the  crucible  connected  with  a 
generator  furnishing  a  slow  stream  of  well-dried  hydrochloric 
acid  gas.*  In  our  experiments  the  crucible  was  heated  over  a 
burner  to  about  1000®.  It  was  not  possible  to  measure  the 
temperature  inside  the  crucible  during  the  progress  of  the 
work,  but  in  the  empty  crucible  a  bare  thermoelement,  touch- 
ing the  bottom,  read  1050°  just  before  the  charge  was  inserted. 
This  was  therefore  the  approximate  temperature  in  the  hottest 

{)art  of  the  crucible.     In  the  iirst  experiment  the  outlet  was 
eft  unprotected  against  moisture.     After  four  days  the  silicate 
was  found  to  be  converted  entirely  into  fosterite. 

In  all  the  later  experiments  with  magnesium  chloride,  the 
outlet  tube  of  the  crucible  was  well  guarded  by  a  U-tube  con- 
taining sulphuric  acid  and  a  straight  tube  containing  calcium 
chloride  to  prevent  the  passage  of  moisture  into  the  crucible. 
At  temperatures  between  1000°-llO0°  (in  the  hottest  part  of 
the  crucible)  we  invariably  obtained  some  fosterite  and  peri- 
clase  as  by-products,  but  in  the  main  the  substance  cryst^il- 
lized  as  the  monoclinic  pyroxene.  This  method  gives  by  far 
the  best  results  of  aay  we  have  discovered. 

Optical  Constants  of  FoHterite. — Inasmuch  as  crystals  which 
appeared  to  be  fosterite  were  often  obtained  in  the  course 
01  our  work, — crystals  wliich  by  optical  tests  alone  it  was 
found  difficult  to  distinguish  from  minute  crystals  of  ensta- 
tite,  it  seemed  advisable  to  determine  the  crystallographic 
constants  of  these  from  magnesium  chloride.  The  crystals  were 
colorless,  transparent,  and  about  02 X 0*1  X 0*1"'"  in  size,  short 
prismatic  in  habit,  doul)ly  terminated,  and  similar  to  natural 
fosterite  in  appearance.  The  cleavage,  perfect  after  001  and 
010,  was  obtained  by  actual  fracture  of  a  crystal  under  the 

Table  I. 


No. 

1 
2 
3 
4 
5 
6 


Letter.   Symbol. 


Measured. 


GoldBchmidt.f 


Mmer. 


b 
a 
n 
d 
k 
e 


0 
Ocjo 

00 

10 
02 
11 


001 
010 

no 

101 
021 

111 


^ 

9 

;   ^ 

0°  00' 

0°00' 

90  00 

0°00' 

64  26 

90  00 

65  01 

90  00 

51  37 

90  00  , 

0  00 

49  44 

0  00 

05  51 

54  19 

65  01  ; 

0 
90 
90 
51 
49 
54 


°  00' 
00 
00 
32 
39 
15 


♦The  platinum  is  often  slightly  attacked  during  the  fusioli.     Whether 
this  comes  from  the  decomposition  of  the  ehloride  by  oxygen  : 

MgCU  +  0  4-  MgSiO.  =  MgaSiO*  +  2C1  (?) 

has  not  been  worked  out.     When  the  magnesium  coloride  is  mixed  with 
sodium  chloride,  the  platinum  is  very  strongly  attacked. 
t  V.  Goldschmidt,  Winkeltabellen,  Berlin,  p.  251-252,  1897. 
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microscope.  The  crystal  faces  were  well  defined,  giving  fair 
reflection  signals  on  the  goniometer.     The  measurements  were 

made  on  a  two-circle  goniometer  with  reducing  attachment, 
and  the  results  were  found  to  agree  fairly  well  with  the  same 
constants  for  natural  fosterite.  The  crystals  measured  were 
too  small  to  permit  a  very  accurate  measurement  of  the  angles 

(Table  I). 

The   crystal    represented   in    fig.    2  ^ 

measured  -IS"""*  in  length  and  0-12™™ 
in  thickness,  was  transparent,  colorless, 
and  well  developed  on  all  sides.  The 
development  was  noticeably  unsym- 
metrieal  and  the  quality  of  the  dif- 
ferent faces  varied  considerably.  The 
indices  of  refraction  were  determined 
by  Schroeder  van  der  Kolk's  method 
of  refractive  liquids  in  which  the  pos- 
sible error  does  not  exceed  db'003  ;a  = 
1-645  db  -003,  /3  =  1-656  it  -003,  7  = 
1-668  zh  -003.     Birefringence  =  0*023 

db  -006.  Tlie  interference  colors  are  ^/^'^?^  ""^  mT  cf  """^  ""^^^ 
bright,  usually  of  the  first  and  second  °  g  1  3  m  g  a. 
orders.  The  crystals  extinguish  parallel  to  the  cleavage  direc- 
tions. The  plane  of  the  optic  axes  is  perpendicular  to  the  most 
perfect  cleavage  lines  after  010  and  to  the  prismatic  develop- 
ment of  the  crystal  and  lies  in  the  plane  001.  The  optic  axial 
angle  is  very  large  with  c  the  acute  bisectrix.  The  crystals 
were  decomposed  by  hydrochloric  acid  with  the  separation  of 
gelatinous  silica.  In  one  preparation  fosterite  crystals  were 
observed  enclosing  original  fragments  of  the  pyroxene  which 
had  not  been  fully  dissolved  by  the  solvent. 

In  a  number  of  experiments  with  magnesium  chloride  we  also 
observed  the  formation  of  periclase  (MgO)  in  well-formed 
octahedra  (1'"""  in  length),  isotropic  and  of  characteristic  cleav- 
age and  refractive  index  1*73. 

Properties  of  the  Mofioclinic  Pyroxene, — Though  crystals 
of  monoclinic  pyroxene  were  obtained  from  many  fluxes  and 
under  different  conditions,  as  a  general  rule  they  were  ex- 
tremely small  and  could  be  used  only  in  a  few  favorable 
instances  for  crystallographic  measurement.  Crystalline  aggre- 
gates of  this  form  were  also  readily  obtained  direct  from 
the  molten  silicate  and  then  usually  as  large  radiating  spheru- 
lites,  the  individual  fibers  of  which  were  frequently  1  to  2*^"* 
long.  The  crystals  were  measured  on  the  two-circled  goniome- 
ter with  reducing  attachment,  were  colorless,  transparent,  of 
glassy  luster  and  varied  in  length  from  '1  to  1°"",  and  in  width 
irom  -05  to  •5'"°'.    An  extremely  small  crystal  of  this  substance 
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wide,  from  a  solution  in  calcium  vanadate, 
A  single  fine  twinning  lamella  after  the 
orthopinacoid  was  observed  nnder  the 
microscope,  but  could  not  be  detected 
on  the  goniometer.  The  reflection  sig- 
nals were  verv  faint  and  the  recorded 
angles  fluctuated  somewhat  in  conse- 
quence. The  largest  and  best  devel- 
oped crystals  (fig.  3)  were  produced  bv 
heating  magnesium  metasilicate  witli 
magnesium  cliloride  in  a  stream  of  dry 
hydrochloric  acid  gas.  Six  different 
crystals  obtained  bv  this  method  were 
measured  and  the  forms :  c  (001)  (?), 
a  (100),  b  (010),  m  (110),  n  (120), 
I  (250)  (0,  k  (310),  r  (210)  (?),  o  (111), 
i  (121),  J)  (lOl),  s  (111),  e  (121),  (103) 
(?),  and  (I03)  (?)  observed.  Several  of 
these  forms,  e  (001)  (J),  r  (210)  (?), 
I  (250)  (?),  (103),  (103^,  were  noted 
only  once,  gave  poor  renection  signals, 
and  are  therefore  uncertain.  The  faces  in  thje  prism  zone  were 
much  better  developed  than  the  terminal  forms  and,  although 
small,  usually  gave  sharp  reflection  signals  and  concordant 
angles.  The  prismatic  cleavage  angle  (110:110  =  88°  08') 
thus  obtained  has  a  probable  error  of  only  zb  3'.  The  terminal 
faces,  on  the  other  hand,  were  much  smaller,  less  clearly 
defined  and  seriously  interrupted  by  iutergrown  twinning 
lamellae,  so  that  the  axial  ratio  obtained  for  the  vertical  axis 
is  of  a  lower  order  of  certitude. 

In  order  to  show  graphically  the  variations  in  the  angles 
observed  in  the  different  crystals,  a  gnomonic  projection  of  the 
results  from  the  six  crystals  measured  is  presented  in  figure  4. 
The  irregularity  in  the  position  of  many  of  the  projection 
points  is  due  in  large  mettsure  to  the  indistinct  reflection  sig- 
nals obtained.  Transitional  faces  were  observed  in  several 
zones  and  have  been  indicated  in  the  figure  by  the  shaded 
portions  of  the  zone  lines.  They  furnish  an  excellent  criterion 
for  the  primary  zones  and  nodes  which  dominate  the  develop- 
ment of  the  forms  boundinij:  the  crystal. 

On  comparing  these  erystallographic  measurements  with  the 
angles  given  for  enstatite  and  diopside,  it  was  found  that  the 
prism  angles,  and  therefore  the  axial  ratio  a  :  h  for  the  three 
minerals,  were  very  similar,  while  the  angles  for  the  terminal 
faces  differ  so  noticeably  that  they  cannot  be  ascribed  to  experi- 
mental error  alone.     The  axial  ratio  a:b:  c  for 
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Table  II.» 

No. 

Letter. 

c(?) 
a 

Symbol. 

Miller. 

001 
100 

^ 

1 

P 

1 
2 

1 

2°  00' 
90  00 

90  00 

3 

b 

Ooo 

010 

0  00 

4 

m 

X 

no 

44  04 

(( 

5 

n 

00  2 

120 

23  07 

6 

M?) 

00  1 

250 

17  56 

7 

A(?) 

3oo 

310 

70  44 

8 

r 

2oo 

210 

66  54 

9 

0 

.  1 

111 

43  29 

39  58 

10 

• 

12 

121 

24  58 

52  11 

11 

P 

10 

101 

§0  00 

29  09 

12 

8 

11 

111 

46  52 

40  21 

13 

e 

12 

121 

§8  30 

63  10 

14 

(?) 

*o 

103 

90  00 

11  55 

15 

(?) 

io 

103 

90  00 

12  55 

*  The  angles  given  in  this  table  are  the  weighted  averages  of  the  angles 
xneasnred. 
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Mg-Pyroxene  =  1-033     :  1   :  0*77     ±'01 
Enstatite  =   1-0308   :  1   :  0-5886 

Diopside  =   1-0934  :  1   :  0-5894 

These  relations  appear  even  more  clearly  in  a  gnoraonic  pro- 
jection of  the  most  prominent  forms  of  the  three  minerals 
(fig.  5).  The  character  of  the  projection  of  the  principal  forms 
of  the  Mg-pyroxene,  although  distinctly  monoclinic  in  aspect, 


•  Ci 0  ^  ft  «  A  • 


is  closely  related  to  that  of  the  enstatite  projection,  and  only 
vaguely  to  that  of  diopside.  It  is  clear  irom  the  figure  that 
the  principal  zones  for  diopside  do  not  coincide  with  those  of 
the  Mg-pyroxene,  hut  are  located  in  an  intermediate  position. 
Thougli  tlie  symbols  of  the  latter  might  be  expressed  very 
roughly  in  terms  of  diopside  by  choosing  for  the  basal  pina- 
coid  of  the  Mg-pyroxene  the  possible  form  (102)  in  place  of  the 
present  basal  plane,  thus  complicating  the  entire  set  of  sym- 
bols, the  differences  in  distances  between  corresponding  forms 
are  even  then  too  great  to  justify  this  change,  and  cast,  there- 
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fore,  grave  doubt  on  a  possible  isomorphic  relation  between  the 
two  substances,  especially  when  the  different  zonal  develop- 
ment of  the  two  is  also  taken  into  consideration.  The  investi- 
gation of  this  important  question  is  still  in  progress. 

Polysynthetic  twinning  after  the  orthopinacoid  occurs  almost 
invariably  and  is  apparently  as  characteristic  of  this  particular 
pyroxene  as  twinning  according  to  the  albite  law  is  character- 
istic of  the  plagioclase  feldspars :  between  crossed  nicols  the 
sections  frequently  bear  a  striking  resemblance  to  those  of 
plagioclase. 

.  A  peculiar  type  of  these  monoclinic  crystals  was  observed  in 
several  of  the  preparations  ;  they  were  developed  in  flat  tabu- 
lar form  after  tlie  orthopinacoid,  and  in  consequence  of  this  lay 
invariably  on  this  face  when  immersed  in  one  of  the  refrac- 
tive liquids.  Thus  the  extinction  was  of  course  always  paral- 
lel and  might  have  led  to  erroneous  conclusions,  in  regard  to  the 
crystal  system  and  confusion  with  enstatite,  if  special  pains  had 
not  been  taken  to  test  their  behavior  in  other  positions.  The 
crystals  were  accordingly  imbedded  in  thickened  Canada  bal- 
sam, in  which  medium  they  could  be  slowly  turned  by  mov- 
ing the  cover  glass.  The  thin  upturned  edges  then  showed 
the  polysynthetic  twinning  after  100,  and  the  extinction  angles 
characteristic  of  this  form.  In  the  examination  of  later  prep- 
arations, a  device  for  turning  the  crystals  in  any  direction 
and  in  liquids  of  equal  refractive  index  was  constructed  and 
proved  satisfactory.  The  immersion  method  in  Canada  bal- 
sam, however,  is  less  complex  and  usually  answers  equally 
well. 

The  hardness  of  the  monoclinic  pyroxene  is  about  6 ;  the 
crystals  are  only  slightly  attacked  by  acids. 

The  refractive  indices  were  determined  by  the  immersion 
method  of  Schroeder  van  der  Kolk  : 

a=  1-647  ±-003,  p=L  l-652±-003,  y=  1-658  ±'003; 

the  birefringence  is  not  strong — about  '01.  The  extinction 
angle  on  the  clinopinacoid — remarkably  low  for  a  pyroxene — 
was  carefully  measured  on  well-developed  crystals  obtained 
from  a  fusion  of  the  metasilicate  in  magnesium  chloride. 
These  crystals  were  twinned  polysynthetically  and  the  extinc- 
tion angle  was  obtained,  as  in  the  feldspars,  by  using  the 
symmetrical  extinction  angles  of  adjacent  lamellae.  An  aver- 
age of  25  readings  gave  6' :  c  =  21°'8  (with  extreme  values  of 
19°*5  and  24°*5).  Measurements  in  sodium  light  were  also 
made  with  practically  the  same  result.  The  dispersion  of  the 
bisectrices  was  found  to  be  very  slight.  The  plane  of  the 
optic  axes  lies  in  the  clinopinacoid  ;  tlie  optical  axial  angle  is 
very  large.     The  optical  character  is  positive  and  was  ascer- 
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tained  by  observing  in  convergent  polarized  light  on  a  section 
after  010  the  direction  in  which  the  dark  hyperbolae  of  the 
interference  iigure  emerge  from  the  field  on  revolving  the 
stage,  this  direction  being  that  of  the  acute  bisectrix.*  The 
result  was,  furthermore,  confirmed  on  a  section  normal  to  an 
optic  axis.  An  attempt  was  made  to  measure  the  optic  axial 
angle  on  such  a  section  by  the  graphic  method  recently 
described  by  F.  Becke,f  but  the  fine  intercalated  twinning 
lamellae  affected  the  sharpness  of  the  figure  to  such  an  extent 
that  valid  numerical  results  were  out  of  the  question.  The 
black  axial  bar  of  the  figure,  however,  is  only  slightly  curved 
in  the  diagonal  position  and  indicates  a  large  axial  angle. 

The  disturbing  influence  of  the  twinning  lamellae  was  fur- 
thermore felt  in  some  unsuccessful  attempts  to  etch  the  prism 
faces  with  hydrochloric  acid.  The  fine  lamellae  apparently 
destroyed  the  continuity  of  any  larger  etch  figures  which 
might  otherwise  have  formed. 

The  specific  gravity  at  25®  was  determined  on  preparations 
from  the  melt  by  the  method  of  Day  and  Allen  \X 

Specific  gravity  of  the  Monoclinic  Pyroxene,  HaO  at  25**  =  1. 
Preparation  I.  Preparation  11. 

3-191  3-194 

3-192  3191 


Average,  31 92 

Melting  Point  of  Magnesium  Metasilicate, — The  melting 
point  was  determined  by  the  Frankenheim  method,  using  a 
control  element,  as  described  by  Allen,  White  and  Wright.§ 

The  results  are  contained  in  Table  III. 

Table  III. 
Element  E.     Element  K. 

1521-3°         1521-3°         Both  elements  in  same  porcelain  tube 
1519-7  1522-2  Both  elements  in  same  porcelain  tube 

1521- 


Mean,  1521°. 

After  every  experiment,  elements  E  and  K  were  compared 
with  the  standard  element,  H,  which  was  protected  from  con- 
tamination and  deterioration  due  to  absorption  of  iridium 
vapor,  by  a  tube  of  pure  plathium.  The  heating  coils  of  the 
furnace,  which  we  have  used  heretofore,  have  been  wound  with 
platinum  wire  containing  10  per  cent  of  iridium.  It  has  been 
found    that   at   temperatures  of   1200°  or  more,   the  iridium 

*  Wright,  F.  E.,  this  Journal  (4),  xvii,  p.  385,  1904. 

+  Becke.  F.,  Tscherm.  Min.  petr.  Mitth.,  xxiv,  32-49,  1905. 

X  This  Journal  (4),  xix,  93,  1905.  §  Loc.  cit. 
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volatilizes  and  is  absorbed  by  the  therraoelemeDts.*  This  con- 
tamination produces  a  drop  in  the  electromotive  force  of  the 
element  which  with  continuous  usage  may  result  in  a  large 
aggregate  error.  An  unglazed  porcelain  tube  is  quite  per- 
meable to  the  vapor.  For  exact  measurements  above  1000°, 
therefore,  the  thermoelement  must  be  protected  by  an  enclos- 
ing tube  of  pure  platinum  in  the  hot  portion  of  the  furnace, 
whenever  a  furnace  coil  containing  iridmm  is  used. 

The  maximum  difference  of  any  two  determinations  is  2*5°. 
The  absolute  value  of  the  melting  temperature  is  based  on 
extrapolation  from  the  copper  melting  point. 

II.  Orthorhomhic  Pyroxene.  Enstatite. — So  far  as  our 
knowledge  goes,  pure  enstatite,  free  from  other  polymorphic 
forms,  has  never  been  prepared.  Ebelmen  and  xiautefeuille 
obtained  some  true  enstatite  which  was  afterwards  proved  to  be 
mixed  with  the  monoclinic  variety.  The  crystals  of  Meunier,f 
who  believed  that  he  had  synthetized  enstatite,  were  shown  by 
Fouqu6  and  Levy  to  be  monoclinic.  Daubr6e's  product,:}: 
which  was  obtained  by  melting  portions  of  meteorites,  was, 
according  to  his  own  statement,  too  opaque  for  optical  examina- 
tion, so  that  he  could  not  say  whether  nis  crystals  were  ortho- 
rhombic  or  monoclinic. 

The  same  experimenter  also  melted  olivine  with  15  per  cent 
silica,  and  obtained  a  crystalline  cake,  the  interior  of  which  con- 
sisted of  a  fibrous  mass  which  was  unattacked  by  acids,  and 
"which  had  the  properties  of  enstatite."§  Not  only  is  no  proof 
of  the  orthorhomhic  nature  of  these  libers  offered,  but  we 
know  from  our  own  experiments  that  Daubr^e's  conditions 
must  have  yielded  a  product  which  consisted  in  the  main  of 
the  monoclinic  form.  Fouque  and  Levy,  in  tlie  effort  to  repro- 
duce meteorites  by  artificial  means,  succeeded  in  crystallizing 
enstatite  intermixed  with  a  small  amount  of  monoclinic  pyrox- 
ene in  the  following  way:  12  grams  silica,  3  grams  mag- 
nesia, and  5  to  5*5  grams  ferric  oxide,  were  melted  and  rapidly 
cooled.  The  cake  showed  arborescent  crystals  which  by  pro- 
longed reheating  at  a  temperature  a  little  above  the  melting 
f)oint  of  copper,  developed  into  larger  needles  showing  paral- 
el  extinction. 

As  previously  stated,  we  also  obtained  enstatite  in  small 
but  variable  quantities  from  melts  of  magnesium  silicate, 
except  when  it  was  slowly  cooled.  The  crystals  of  enstatite 
thus  formed  were  intercalated  between  the  fibers  of  mono- 
clinic pyroxene  and  could  only  be  distinguished  from  the  latter 

*W.  P.  White,  "The  Constancy  of  Platin am  ThermoelementB  and  Other 
Thermoelement  Problems,"  Phys.  Rev.,  vol.  xxii,  p.  872,  1906. 
t  Synthase  des  Min^raux  et  des  Roches,  pp.  109,  111. 
iCompt.  Rendiis,  Ixii,  202,  18(J6.  gibid.,  Ixii,  374,  1866. 
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by  the  aid  of  the  microscope.  The  two  forms  resemble  each 
other  so  cloeelj  in  habit  and  optical  properties  that  one  must 
rely  chiefly  <»n  the  extinction  an^^Ie  ta  diBtingnisfaL  between 
them.  In  the  prism  zone  enstatite  shows  parallel  extinctioii 
on  all  planes,  while  the  monoclinic  variety  extinguishes  paral- 
lel only  on  the  orthopinacoid.  Inasmuch  as  crystals  of  the 
latter  frequently  show  pronounced  development  after  the 
orthopinacoid,  their  monoclinic  nature  can  only  be  recognized 
by  immersing  the  crystals  in  a  viscous  liquid  such  as  Canada 
balsam  and  rolling  them,  log-like,  and  observing  the  extinction 
in  the  different  positions. 

We  have  succeeded  in  preparing  enstatite  which  contains 
only  slight  traces  of  impurities  by  a  method  similar  to  that 
nsed  in  this  lal)oratory  for  the  preparation  of  pure  wollaston- 
ite,*  and  which,  as  may  be  noted,  bears  considerable  resem- 
blance to  the  method  of  Fouque  and  L6vy.  It  consists 
simply  in  crystallizing  a  glass  of  the  same  composition  by 
heating  it  to  a  temperature  below  1100°.  The  practical 
details  of  preparing  this  glass,  however,  involve  considera- 
ble difficulty  owing  to  the  readiness  and  rapidity  with  which 
crystallization  proceeds  in  this  silicate.  Not  more  than  10 
grams  of  it  should  be  used  for  a  single  charge,  the  tempera- 
ture of  the  platinum  containing  vessel  should  be  raised  well 
above  the  melting  point  of  the  silicate,  and  the  fusion  should 
be  instantly  chilled  by  plunging  it  into  cold  water.  Care 
should  also  be  taken  tiiat  the  temperature  is  sufliciently  high 
to  melt  the  silicate  (m.  p.  1521°)  and  yet  not  high  enough  to 
melt  the  platinum  crucible  (1720°).  In  our  earlier  experi- 
ments, crucibles  were  ruined  so  frequently  by  partial  melting 
that  we  were  comj>elled  to  make  some  rougn  temperature 
measurements  by  inserting  a  thermoelement  under  the  hood 
of  the  Fletcher  furnace.  Though  the  temperatures  thus 
observed  were  not  those  of  the  crucible,  they  indicated  the 
latter  approximately,  and  when  the  readings  ranged  from 
1500°  to  1550°,  the  results  were  fairly  satisfactory. 

Even  under  these  conditions,  the  most  favorable  we  have 
found,  the  glass  is  rarely  obtained  entirely  free  from  crystal- 
line material.  After  the  glass  had  been  mechanically  separated 
from  the  latter,  small  samples  were  crystallized  at  various 
known  temperatures  and  the  products  examined  microscopi- 
cally. 

To  insure  the  crystallization  of  a  glass  as  nearly  as  possible 
at  a  given  temperature,  the  following  method  was  used.  An 
empty  platinum  crucible  was  placed  in  an  electric  resistance 
furnace,  through  the  cover  of  which  passed  a  thermoelement, 
reaching  nearly  to  the  bottom   of  the  crucible,  together  with 

*  This  Journal  (4),  xxi,  89,  1906. 
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an  nnglazed  porcelain  tube  of  about  1^  inside  diameter,  the 
lower  end  of  which  was  directly  over  the  uncovered  platinum 
crucible.  The  upper  end  of  this  tube  was  covered  by  a  porce- 
lain lid.  (An  arrangement  similar  to  li^.  10.)  The  temperature 
of  the  furnace  having  been  raised  to  the  desired  temperature, 
the  glass,  in  small  fragments,  is  then  dropped  through  the  porce- 
lain tube  into  the  crucible.  Only  small  fragments  can  be 
used,  for  the  initial  temperature  of  the  crucible  is  materially 
lowered  by  the  introduction  of  any  considerable  mass  of  the 
cold  substance,  after  which  the  heat  of  crystallization  of  a 
large  mass  of  the  glass  will  raise  the  temperature  of  the 
portion  last  to  crystallize  above  that  of  the  furnace.  At 
1150°-1200°,  when  small  particles,  each  of  a  few  milligrams 
weight,  were  used,  no  perceptible  change  in  the  temperature 
of  tlie  crucible  was  noted.  Under  such  conditions  about  20 
seconds  elapsed,  and  we  estimated  that  the  temperature  of  the 
crucible  was  reached,  before  crystallization  began.  The  tem- 
perature of  the  glass  particles,  however,  does  no  doubt  rise 
above  the  temperature  of  the  crucible,  for  they  become  more 
luminous  during  the  process.  It  is  interesting  to  watch  the 
crystallization ;  it  begins  at  the  surface  and  proceeds  inward 
with  rise  in  temperature,  which  is  especially  noticeable  when 
the  particles  are  large ;  the  outer  portion  contracts  and  squeezes 
out  the  still  liquid  interior  in  the  form  of  hollow,  rounded 
projections,  which  crystallize  last,  and  at  a  higher  temperature, 
for  they  are  always  of  coarser  grain.  These  grains  bear  a  strong 
resemblance  to  a  kernel  of  ordinary  popped  corn. 

Table  IV  contains  the  results  of  the  experiments  on  the  crys- 
tallization of  magnesium  silicate  glass  at  diflEerent  tempera- 
tures by  the  process  above  described. 

Table  IV. 
Crystallization  of  Magnesium  Silicate  Glass. 

750°  No  crystallization  in  45  minutes. 

900  Too  fine-grained  for  identification. 

990  **       "         "  **  " 

1075  Nearly  all  enstatite  ;  presence  of  monoclinic  form 

doubtful. 

1125  Enslalite,  with  some  monoclinic  form. 

1175  Enstalite  and  monoclinic  form. 

a  u  a  <( 

((  ((  «  a 

1300      Monoclinic  form  and  probably  some  enstatite. 
1325 


1225 
1275 


((  ((        ((  ((  <(  (( 


It  is  plain  from  these  figures  that  below  1100°  the  product  is 
enstatite ;  while  not  far  above  that  point  the  monoclinic  form 
begins  to  appear.     To  prepare  a  nearly  homogeneous  aggre- 
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gate  of  enstatite  crystals  in  quantity,  therefore,  it  snffices  to 
crystallize  the  glass  somewhat  below  1100°,  but  not  below 
1000°,  if  the  preparation  requires  microscopic  identification, 
for  the  product  then  formed  is  cryptocrystalline.  The  ensta- 
tite was  distinguished  from  the  monoclinic  form  solely  by  its 
parallel  extinction  in  the  prism  zone,  the  refractive  indices  of 
the  two  forms  not  diflfering  sufficiently  to  permit  the  use  of 
that  method.  By  cooling  mixtures  of  magnesium  silicate  with 
10  per  cent  of  its  weight  of  albite,  or  the  same  amount  of 
sodium  and  potassium  silicates,  enstatite  may  be  obtained  in 
long,  well-developed  prisms,  the  index  of  refraction  of  which 
indicates  only  a  small  quantity  of  dissolved  albite  or  other 
foreign  matter.  Some  experiments  in  this  direction  are 
described  in  detail  farther  on  p.  433. 

Proyertiea  of  Chemically  Pure  Enstatite, — Thus  far,  we 
have  obtained  pure  enstatite  only  in  fibrous  aggregates  and 
radial  spherulites  which  do  not  admit  of  a  precise  deter- 
mination of  its  morphologic  constants.  It  is  a  remarkable 
fact  that  the  direction  of  elongation  of  the  fibers  in  the  small 
radial  spherulites  is  not  the  prism  axis,  but  another,  such  that 
the  greater  ellipsoidal  axis  a  is  parallel  to  it  instead  of  c. 

Cleavage  after  110  is  well  marked  ;  its  angle  approximates  90° 
and  was  observed  under  the  microscope  by  tilting  on  end  the 
individual  fibers  embedded  in  thick  Canada  balsam.  The 
extinction  is  parallel  in  the  prism  zone  and  the  least  ellipsoidal 
axis  c  coincides  with  the  prism  axis. 

The  optical  properties  are  similar  to  those  of  the  monoclinic 
magnesium  pyroxene,  differing  chiefly  in  the  parallel  instead 
of  inclined  extinction,  lower  average  refractive  index  and 
smaller  optic  axial  angle.  The  refractive  indices  were  deter- 
mined by  the  immersion  method  in  liquids : 

a  =  1  -640  ±  004,  ^  =  1  -646  ±  '004,  y  =  1  '652  ±  .004  ; 

birefringence  not  strong,  about  '01.  The  plane  of  optic  axes 
contains  the  prism  axis  (c  =  c) ;  optical  character,  positive. 
The  optic  axial  angle  was  measured  on  a  section  nearly  per- 
pendicular to  an  optic  axis  by  the  graphical  method  recently 
described  by  F.  Becke.*  This  method  is  based  on  the  differ- 
ence in  curvature  of  the  black  hyperbola  bar  which  passes 
through  the  optic  axis,  for  different  optic  axial  angles  in  the 
diagonal  position.  In  place  of  the  type  of  revolving  drawing 
stage  described  by  Becke,  a  somewhat  simpler  form  was 
devised  which  can  be  clamped  directly  to  the  microscope  and 
can  be  readily  adjusted  to  suit  the  conditions.  This  method  of 
Becke  is  only  an  aj)proximate  one  and  should  only  be  used  when 

*  Becke,  F.,  Die  Messung  der  optischen  Axen  der  Hyperbola-KriUnmang. 
Tscherm.  Min.  petr.  Mitth.  xxiv,  pp.  32-49,  1905. 
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better  methods  cannot  be  applied — a  point  whicli  was  realized 
and  emphasized  by  Eecke  in  the  original  paper.  The  values 
for  the  optic  axial  angle  in  air  tlius  obtained  were  mticli  lower 
than  those  given  for  uatural  enstatite,  ranging  between  44°  and 
70% — a  fact  for  which  no  explanation  has  yet  been  found. 
Similar  low  angles  were  also  measured  on  the  pure  enstatite 
from  the  Bishopviile,  S.  C,  meteorite,  whicli  wilt  be  discussed 
in  a  later  paragraph. 

The  specitic  gravity  at  25°  is  lower  than  that  for  the  mono- 
clinic  variety: 

Preparation  I  (not  entirely 
free  from  mouoclinic). 
3-176 
3-174 
Average 

Intergrtncth  of  enstatite  and  mono- 
cUnic  pi/roxene. — Both  from  the  molten 
silicate  and  from  solutions  of  it,  though 
only  rarely  from  the  latter,  enstatite 
and  the  monoclinic  form  were  obtained 
together,  sometimes  in  parallel  inter- 
growth.  In  a  product  of  magnesium 
metasilicate  in  molten  magnesium  chlor- 
ide and  also  in  a  preparation  of  amorph- 
ous silica  heated  witli  magnesium  chlor- 
ide, the  intergrowth  of  the  two  phases 
was  clearly  marked  on  a  section  after 
the  clinopinacoid  {fig.  6).  In  the  figure 
the  arrows  represent  the  positions  at 
which  the  different  lamellae  extinguish 
between  crossed  nicols.  Lamellae  1  and  *^«;  '■  .Siif,'^':*^''.'''^ 
3,  monoclinic,  are  m  twmning  position  Mg-pyroiene. 
and  extinguish  at  an  angle  c :  c  =  22° ; 

2  extinguishes  parallel  and  is  enstatite.  On  such  sections  the 
difference  in  refractive  indices  between  the  two  forms  was  very 
slight;  the  birefringence  of  the  monoclinic  lamellae  appeared 
somewhat  stronger. 

Parallel  intergrowths  of  enstatite  and  a  monoclinic  pyroxene 
are  not  uncommon  in  nature,  and  although  they  have  been 
frequently  described,  no  one,  apparently,  has  suspected  that  the 
two  forms  may  have  the  same  composition. 

In  scanning  the  literature  on  this  subject,  it  soon  became 
evident  that  natural  enstatite  is  rarely  pure  magnesium  silicate, 
but  nearly  always  contains  some  ferrous  silicate.  The  purest 
enstatite  is  probably  tliat  of  the  well-known  Bishopviile,  S.  C, 
meteorite,  specimens  of  which  are  preserved  in  the  National 
Am.  Joub.  Soi.— Foubth  Sbriks,  Toi..  XXII,  No.  131.— Novembi:b,  1906. 
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Museum.  Through  the  kindness  of  Prof.  C.  U.  Shepard,  the 
owner  of  these  specimens,  and  the  courtesy  of  Dr.  6.  P.  Mer- 
rill, the  writers  obtained  '75  gr.  of  this  material,  which,  on 
microscopic  examination,  proved  to  contain  not  only  eiistatite 
but  also  occasional  intercalated  lamellae  of  monoclinic  pyrox- 
ene identical  in  its  optical  properties  with  our  artificial  mono- 
clinic  variety.  The  Bishopville  enstatite  was  analyzed  by  J. 
Lawrence  Smith*  and  shown  to  be  almost  pure  magnesium 
metasilicate.  On  this  enstatite  the  following  properties  were 
determined :  cleavage  110  good  ;  7  =  l-658zh-003,)3  =  l-653db 
•003,  a  =  l-650dc'003  (by  Schroeder  van  der  Kolk's  method  of 
refractive  liquids) ;  e  =  c  ;  optic  axial  angle  2-V  =  31°,  average 
of  six  determinations  on  different  sections  nearly  normal  to  an 
optic  axis  by  the  graphical  method  of  Becke ;  optical  char- 
acter, positive.  The  refractive  indices  of  the  mterbanded 
monoclinic  lamellae  were  very  close  to  those  of  the  enstatite 
and  extinguished  at  an  angle  c:c  —  21°'6,  an  average  of  10 
measurements  on  two  different  sections. 

Dr.  G.  P.  Merrill  has  called  the  attention  of  the  writers  to 
the  fact  that  in  his  experience  the  pyroxenes  of  meteorites 
often  show  extinction  angles  much  too  low  for  augite  or 
diopside,  and  are,  moreover,  very  frequently  twinned  poly- 
synthetically  after  the  orthopinacoid.  Time  has  not  permitted 
an  extensive  microscopic  examination  of  natural  intergrowths 
of  enstatite  and  monoclinic  pyroxene  to  test  the  above  infer- 
ence, but  the  conclusion  seems  reasonable  that  not  only  those 
of  meteorites  but  those  of  rocks  also,  which  are  not  uncommon, 
are  likewise  aggregates  of  two  polymorphs,  and  do  not,  as 
generally  believed,  contain  diopside  or  augite. 

The  Transformation  of  Enstatite  into  Monoclinic  Pyrox- 
ene,— When  heated  to  high  temperatures,  enstatite  passes  over 
very  slowly  into  monoclinic  pyroxene,  the  time  required 
depending  mainly  upon  the  temperature,  -as  will  be  readily 
seen  from  the  table  below. 

Table  V. 

Change  of  Enstatite  into  Monoclinic  Pyroxene  at  Different  Temperatures, 

Time.  Temperature.  Change. 

1  day  1200°  None  detected. 

2  days  1250  "  '* 

22  hours  1260  -1280°  Slight  if  any. 

3  days  1260  -1290  Probably  some  change. 
18  hours                   1335  -1350               None  detected. 

17  hours  1365  -1415  Evident  change. 

5  hours  1440  -1460  Much  change. 

20  minutes  1500  max.  Apparently  complete. 

♦This  Journal  (2),  xxxviii,  p.  225,  1864. 
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The  above  data  show  that  in  a  few  days  time  the  change  is 
first  apparent  between  1260°  and  1290°,  and  that  it  is  here 
extremely  slow.  Comparing  this  table  with  the  one  on  p.  399, 
it  is  clear  that  the  glass  crystallizes  directly  to  raonoclinic 
pyroxene  aboat  100°  lower.  By  the  nse  of  a  solvent,  the  same 
change  proceeds  as  low  as  800^  and  probably  even  lower. 
Calcium  vanadate,  or  still  better,  magnesium  chloride,  under 
the  conditions  described  on  p.  389,  yields  well-ehaped  crystals  of 
the  monoclinic  variety  at  800°.- 

The  natural  enstatite  of  the  Bishopville  meteorite  showed 
an  identical  behavior  when  heated  to  1460° ;  the  enstatite  with 
its  parallel  extinction  disappeared  completely  and  was  replaced 
by  the  twinned  monoclinic  lamellae,  tiie  latter  still  preserving 
tlie  original  prismatic  direction  of  the  enstatite  and  also  appar- 
ently the  cleavage,  the  size  of  grain  of  the  two  phases  being 
about  the  eame  and  the  original  outline  of  the  enstatite  frag- 
ments being  still  preserved  after  the  paramorphic  change.  A 
specimen  of  enstatite  from  Webster  County,  North  Carolina,* 
containing  ferrous  silicate  also  passed  into  the  more  stable 
monoclinic  form  when  it  was  heated.  Here  magnetite  was 
observed  as  a  by-product. 

III.  Monochmc  Aniphihole. — In  several  of  our  prepara- 
tions of  magnesium  silicate  which  had  been  crystallized  by 
more  or  less  rapid  cooling,  small  quantities  of  a  twinned 
monoclinic  form  were  observed,  whose  properties,  with  the 
exception  of  the  extinction  angle,  were  similar  to  those  of  the 
orthorhombic  am  pinhole  (the  fourth  form  which  is  described 
under  IV).  Later,  in  studying  the  action  of  water  on  the  lat- 
ter substance  at  375°-475°,  we  observed  the  constant  recur- 
rence of  this  monoclinic  amphibole  in  larger  amounts  than  in 
the  original  preparations ;  when,  however,  the  amphibole  was 
heated  alone  to  considerai)Iy  higher  temperatures  (above  900°) 
no  such  transformation  took  place.  The  change  with  water 
was  always  quite  incomplete,  but  further  experiments,  it  is 
hoped,  may  point  the  way  to  satisfactory  conditions  of  forma- 
tion. 

Properties  of  Monoclinic  AmphihoU. — The  crystallites  of 
the  monoclinic  magnesian  amphibole  were  invariably  micro- 
scopic in  size  and  too  small  to  admit  of  a  satisfactory  study  of 
their  optical  constants.  Their  direction  of  elongation  is  the 
prism  axis,  with  which  they  extinguish  at  a  small  angle.  In 
polysynthetically  twinned  fragments,  a  maximum  extinction 
angle  <?:c=ll°  was  observed,  though  smaller  angles,  4°-8°, 
were  noticed  more  frequently.     The  average  refractive  index 

♦  The  writers  are  indebted  to  Dr.  G.  P.  Merrin  of  the  National  Museum 
for  these  specimenH. 
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is  verr  nearly  equal  to  that  of  the  orthorhombie  amphibole 
(;8  =  r5>5i.  while  the  birefringeDce  is  not  stronsr  and  is  of  the 
same  order  of  magnitnde  as  that  of  the  orthorhombie  form. 
The  crrstaU,  like  those  of  the  orthorhombie  amphiboIe«  are 
not  fio  clear  and  transparent  as  the  higher  refracting  pvrox- 
enes,  often  showing  distinct  lines  of  growth;  the  twinning 
lamellae  are  osaallT  tine  and  les«  sharply  defined  than  in  the 
monoclinic  pyroxene.  Intergrowths  of  the  orthorhombie  and 
monoelinic  ainphilKjles  were  also  obserred  occasionally,  thongh 
they  were  distinguished  with  less  certainty  than  in  the  pyrox- 
en€r». 

The  change  of  the  orthorhombie  to  the  monoclinic  am  phi- 
bole  with  water  at  temperatures  of  375^-475°  did  not  yield 
any  well-formed  crystals;  the  product  appeared  to  be  rather 
the  result  of  a  paramorphic  change  in  the  solid  state.  In  the 
hope  of  getting  individually  developed  crystals,  we  attempted 
the  synthesis  of  this  form  from  magnesium  salts  and  soluble 
silicates  or  silica,  and  succeeded  in  getting  a  product  with 
optical  properties  similar  to  those  of  the  magnesian  amphiboles, 
but  in  fibers  so  small  that  it  was  impossible  to  say  whether 
they  were  orthorhombie  or  monoclinic.  In  \new,  however,  of 
the  partial  change  of  the  former  into  the  latter,  it  seems 
prol>able  that  thev  were  monoclinic. 

KtperimenU  tn  the  Synthe^^  of  the  AmphiboU  at  Law 
Temperatures. — Chrustschot  some  years  ago,  published  a 
description  of  a  method  for  the  formation  of  hornblende  in 
which  a  mixture  of  silicic  acid,  alumina,  lime,  magnesia,  fer- 
rous and  ferric  oxides,  and  the  alkalies,  partly  in  solution, 
partly  precipitated,  were  heated  in  sealed  glass  vessels  at  a 
temperature  of  550°  for  three  months.* 

It  seems  to  us  that  glass  vessels  of  such  extraordinary  proper- 
ties deserve  to  lie  better  known,  and  that  the  experimenter  should 
have  given  some  details  concerning  them,  especially  where 
tliey  can  be  ol>tained,  together  with  some  information  about 
lii.s  temperature  measureraeuts. 

The  experiments  which  we  shall  describe  were  done  in  a 
steel  bomb  1^=^  long,  2*7'^"'  internal  diameter,  and  1-4*°'  thick, 
wliicli  was  made  by  boring  out  a  piece  of  steel  shafting.  The 
\)(Mi\\)  was  closed  by  a  plug  also  of  steel  having  a  total  length 
of  >i^™,  the  screw  of  which  was  4""  in  length  and  fitted  into  a 
thread  cut  in  the  end  of  the  bomb.  A  tight  joint  was  insured 
by  a  washer  of  annealed  cop[>er  3  or  4'"°"  thick.  The  steel  sur- 
faces in  contact  with  it  were  planed  smooth,  and  into  each 
were  cut  a  number  of  very  narrow  concentric  grooves  about 
half  a   millimeter   deep.     To  close  the  bomb,  tlie  plug   was 

•Comptes  Rendus,  cxii,  p.  677,  1891. 
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screwed  in  by  a-long  lieavy  wrench  until  the  copper  filled  the 
grooves.  A  new  washer  should  be  used  for  each  experiment. 
The  capacity  of  the  bomb  was  great  enough  to  admit  a  cylin- 
drical platinum  crucible  holding  about  30^^  Temperature 
measurements  were  made  by  introducing  an  insulated  thermo- 
element into  a  7"™  hole  in  the  plug,  the  end  of  which  it 
reached  within  S*"*".  The  source  of  heat  was  aBunsen  burner. 
To  distribute  the  heat  more  evenly,  the  bomb  was  surrounded 
by  a  collar  of  asbestos  and  sheet  iron  with  a  hole  on  the  under 
side  through  which  the  flame  passed.  The  joint  was  shielded 
from  the  latter  by  an  annular  asbestos  disk  which  was  slipped 
over  it. 

For  the  synthesis  of  the  amphibole,  the  magnesium  was 
taken  in  soluble  form,  either  magnesium-ammonium  chloride 
or  a  mixture  of  magnesium  chloride  with  a  sodium  bicarbonate 
solution  ;  while  the  silica  was  used  in  the  amorphous  state  or 
in  combination  as  sodium  metasilicate.  Generally  '25  or  '60 
gram  of  magnesia  was  dissolved  in  the  equivalent  quantity  of 
liydrochloric  acid,  then  the  ammonium  chloride  or  sodium 
bicarbonate  was  added,  and  finally  the  silica  or  sodium  silicate. 
This  mixture  was  poured  into  the  platinum  crucible  with  25*^*^ 
or  more  of  water,  covered,  and  put  into  the  bomb,  which  was 
then  closed  tight  and  heated  from  3  to  6  days  at  temperatures 
ranging  from  375°  to  475°.  Although  in  the  course  of  these 
experiments  the  details  were  varied  considerably,  we  were 
only  able  to  ascertain  that  the  products  formed  at  the  higher 
temperatures  were  usually  better  crystallized. 

When  the  bomb  was  opened,  it  generally  contained  more  or 
less  water,  sometimes  several  cc. ;  the  inner  wall  of  the  bomb 
itself  was  coated  with  magnetite,  and  sometimes  the  platinum 
crucible  was  covered  with  beautiful  octahedra  of  the  same 
mineral.  In  some  experiments  in  which  the  water  was  nearly 
all  gone,  the  bomb  showed  when  cold  an  internal  pressure  and 
the  odor  of  ammonia  was  noticeable. 

After  removal  from  the  bomb,  the  products  were  washed 
and  dried.  To  the  naked  eye  they  were  all  much  alike ;  they 
were  white,  and  of  a  tough  and  spongy  texture.  Optically 
they  left  much  to  be  desired. 

They  were  mostly  crystalline  but  invariably  fine-grained, 
often  cryptocrystalline,  and  had  to  be  studied  rather  in  the 
aggregate  than  in  individual  fibers.  In  all  these  preparations 
the  substance  present  in  predominant  quantity  consisted  of 
complex  groups  of  fibers  which  extinguished  parallel  to  their 
elongation,  this  direction  being  that  of  the  least  ellipsoidal 
axis  c ;  their  refractive  index  was  less  than  1*60  and  agreed 
with  that  of  the  magnesium  anii^liibole,  so  far  as  such  minute 
fibers  admit  of  measurement.     The  birefringence  was  low. 
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In  addition  to  tliis  substance  small  amounts  of  both  the 
orthosilicate  and  quartz  were  observed.  The  crystals  of  the 
former  were  frequently  well  developed  and  exhibited  the  char- 
acteristic crystal  habit  of  fosterite  ;  they  extinguished  parallel 
to  the  prism  edge,  had  an  average  refractive  index  of  about 
1*66,  and  much  stronger  birefringence  than  either  the  raeta- 
silicate  or  quartz. 

The  quartz  crystals  were  ordinarily  very  small  and  recog- 
nizable only  by  their  refractive  index.  In  one  preparation, 
however,  where  the  sodium  silicate  in  the  form  of  large  lumps 
was  heated  with  magnesium  ammonium  chloride  for  3  days  at 
400°-450°,  numerous  quartz  crystals  were  found,  tiie  longest 
of  which  measured  nearly  3"*"'.  They  were  water-clear,  doubly 
terminated,  sharply  defined  crystallographically,  and  resembled 
crystals  of  the  natural  mineral.  Both  optical  and  crystallo- 
graphic  measurements  were  made  on  these  crystals,  the  results 
of  which  have  been  described  at  length  in  another  paper*  on 
the  minerals  of  the  lime-silica  series. 

In  the  products  much  of  the  material  was  too  fine  even  for 
approximate  determinations  and  may  have  contained  other 
substances  than  the  three  cited  above.  It  is  noteworthy,  how- 
ever, that  the  pyroxene  form  of  the  metasilicate  was  not  pro- 
duced, but  apparently  the  low  refracting  amphibole. 

IV. — Orthor1i<ymbiG  Ampkihole.  Kupfferite.\ — If  magnesium 
silicate  be  melted  and  cooled  without  any  special  precautions, 
there  may  usually  be  detected,  under  the  microscope,  in  the 
crystallized  product,  patches  of  a  substance  which  differs 
markedly  in  appearance  from  either  of  the  forms  I  and  II. 
The  fact  that  it  occurred  more  frequently  in  the  outer  zones  of 
the  mass  near  the  walls  of  the  crucible,  led  to  the  suspicion  that 
rapid  cooling  favored  its  formation.  Experience  soon  proved 
the  correctness  of  this  conjecture.  After  a  verj^  considerable 
amount  of  work  on  the  conditions  necessary  for  its  formation, 
we  find  (1)  that  the  mass  must  be  cooled  rapidly,  but  not  so 
mpidly  as  to  form  glass ;  and  that  (2)  for  this  reason,  probably, 
the  quantity  of  material  must  not  be  too  large.  A  satisfactory 
rate  of  cooling  is  attained  if  a  ])latinum  crucible  containing 
15  or  20  grms.  of  the  molten  silicate  is  quickly  drawn  from  the 
furnace  and  held,  uncovered,  by  the  operator  until  crystalliza- 
tion is  complete.     If  the  hot  crucible  be  set  at  once  on  a  tile, 

♦Day,  Shepherd  and  Wright,  The  Ltme-Silica  Series  of  Minerals,  this 
Journal,  xxii,  Oct.,  19(>6. 

f  The  name  Kupfferite  was  applied  ori^nally  to  the  natural  monoclinic 
amphibole  of  this  composition.  In  the  course  of  time,  however,  the  name 
has  been  shifted  to  designate  the  orthorhombic  form  of  the  same  composi- 
tion and  like  enstatite  represents  the  pure  magnesium  member  of  the 
amphibole  series  kupfferite-anthophyllite.  Hintze,  however,  objects  to 
this  change.  Compare,  Hintze,  Handbuch  d.  Mineralogie,  Bd.  II,  p.  1196, 
and  E.  S.  Dana,  System  of  Mineralogy,  p.  384-385,  1900. 
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the  cooling  is  less  rapid  and  the  monoclinic  pyroxene  and  ensta- 
tite  are  more  likely  to  form.  In  the  above  way  we  succeeded 
in  one  instance  in  crystallizing  27  grams  of  the  silicate  entirely 
to  amphibole.  Ordinarily,  however,  a  charge  of  this  weight 
cannot  be  cooled  with  sufficient  rapidity  to  prevent  crystalliza- 
tion of  more  stable  forms. 

Our  observations  appear  to  have  established  the  fact  that 
the  amphibole  is  more  likely  to  crystallize  from  the  melt  if  the 
initial  temperature  is  much  above  the  melting  point.  The 
experiments  were  made  in  a  Fletcher  furnace  and  tempera- 
tures were  roughly  measured  by  means  of  a  thermoelement 
placed  under  the  hood  where  the  combustion  gases  emerge. 
Only  rough  relative  measurements  were  necessary.  The  varia- 
tion in  the  crystalline  product  with  the  initial  temperature  to 
which  the  charge  is  heated  before  cooling,  is  given  in  the  fol- 
lowing table : 

Table  VI. 

Influence  of  the  Initial  Temperature  of  the  Liquid  on  the  Product  of 

Crystallization, 


Temperature  in 

the   top  of    the 

Fletcher  furnace. 

Charge. 

Product  obtained. 

1430° 

6 

g^"- 

Silicate  not  melted. 

1470 

50 

« 

Just  begins  to  melt. 

1470 

18 

(( 

Charge  had  just  begun  to  melt. 

1480 

6 

<( 

Amphibole. 

1485 

6 

(( 

Monoclinic  pyroxene. 

1490 

6 

<( 

((                  (( 

1500 

6 

(( 

«                        u 

1500 

6 

(( 

(4                                     (( 

1500 

6 

{( 

t(                                     <( 

1500  -1510° 

6 

(( 

Amphibole. 

1510 

27 

<{ 

(( 

1520 

50 

<( 

Monoclinic  pyroxene. 

1525 

8 

<< 

Amphibole. 

1530 

6 

(( 

(( 

1530 

8 

(< 

(( 

1530 

12 

u 

Delay  in  removing  the  cover 
about   three-fourths  amphi- 
bole; one-fourth  monoclinic. 

1530 

18 

(( 

Amphibole  and  a  little  glass. 

1535 

6 

ii 

Amphibole. 

1535 

6 

(( 

(( 

1540 

12 

« 

Aiuphibole  and  a  little  glass. 

1545 

12 

(( 

Amphibole. 

Tollens*  found  that  the  unstable  form  of  monochloracetic 
acid  crystallized  with  greater  certainty  if  the  liquid  was  lirst 

♦Tollens,  Chem.  Ber.,  xvii,  i,  664,  1884. 
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raised  considerably  above  the  melting  point,  and  Lehmann* 
states  that  benzyl-phenyl-nitrosamine  also  yields  an  unstable 
form  when  strongly  heated  and  very  rapidly  cooled. 

We  have  proved  that  (pp.  402  and  411),  all  other  forms  of 
magnesium  silicate  change  into  the  monoclinic  pyroxene  before 
the  melting  point  is  reached.  If  the  crystal  structure  depends 
on  crystal  particles  or  units  which  consist  of  regularly  arranged 
chemical  molecules,  it  is  not  impossible  that  some  of  these 
groups  might  preserve  their  identity  some  time  after  fusion  of 
the  substance,  and  become  completely  disintegrated  only  after 
some  lapse  of  time  or  at  a  higher  temperature.  Tlie  favorable 
influence  of  a  high  initial  temperature  on  the  formation  of 
amphibole  would  then  be  due  to  the  complete  breaking  down 
of  nuclei  which  condition  the  crystallization  of  the  monoclinic 
form.f 

We  tried  the  effect  of  dropping  small  portions  of  the  solid 
amphibole  into  the  undercooled  liquid  in  order  that  they 
might  serve  as  nuclei  for  crystallization,  but  the  experiment 
did  not  succeed.  The  silicate  liquids  are  so  viscous  that  the 
nuclei  do  not  seem  to  exert  any  influence  on  the  crystalliza- 
tion. The  negative  effect  of  nuclei  is  very  strikingly  brought 
out  in  the  following  way :  Magnesium  silicate  can  be  cliilled 
in  such  a  manner  as  to  yield  radial  spherulites  of  monoclinic 
pyroxene  embedded  in  glass.  Now  when  this  cake  is  heated 
again  at  900°,  not  only  do  the  existing  nuclei  fail  to  grow,  but 
they  exercise  no  orienting  influence  on  the  new  crystals  which 
form. 

As  this  substance  has  not  been  obtained  before,  some  further 
details  regarding  its  crystallization  may  be  of  interest.  It 
usually  begins  on  the  upper  surface  of  the  melt  next  to  the 
walls  of  the  crucible,  forming  a  fringe  of  converging  fibers 
which  grow  toward  the  center,  though  sometimes  a  number  of 
rather  widely  separated  nuclei  start  at  points  on  the  upper  or 
lower  surface.  Tliis  crystal  form  is  characterized  by  a  con- 
siderably slower  growth  than  the  monoclinic.  If,  in  a  crucible 
in  which  the  amphibole  has  already  begun  to  crystallize,  the 
still  liquid  portion  be  touched  by  a  wire,  the  disturbance  is 
instantly  followed  by  the  appearance  of  a  monoclinic  nucleus. 
The  difference  in  the  rate  of  growth  of  the  two  crystal  forms 
is  then  very  striking.  We  early  noticed  a  very  marked  differ- 
ence in  the  rise  of  temperature  during  the  crystallization  of 
these  two  forms,  the  monoclinic  raising  the  temperature  to  a 
dazzling  white ;  and  though   the  difference  must  be  partly  due 

*0.  Lehmann.  Molekularphysik,  vol.  i,  p.  211. 

f  A  similar  eoDception  has  been  advanced  in  a  paper  by  Day  and  Allen  to 
explain  the  superheating  of  the  alkaline  feldspars.  This  Joomal,  series  (4), 
xix,  p.  124,  1905. 


Minerals  of  tlie  Composition  MgSiO^.  409 

to  the  rapidity  of  the  process,  we  were  led  to  suspect  what 
afterwards  proved  true,  that  the  amphibole  would  pass  over 
into  the  other  with  evolution  of  heat.  This  and  the  method 
of  its  formation  by  sudden  cooling  are  characteristic  of  mono- 
tropic  forms. 

Interesting  results  were  obtained  in  an  attempt  to  measure 
the  approximate  temperature  at  which  the  amphibole  crystal- 
lizes. As  a  determination  of  a  physical  constant  the  attempt 
failed,  because  the  disturbance  caused  by  touching  the  liquid 
with  the  element  was  sufficient  to  start  the  crystallization  of 
the  monoclinic  form  in  every  instance.  The  following  trials 
were  made  with  the  bare  thermoelement  dipped  directly  into 
the  liquid,  which  above  1100°  is  easily  penetrable  with  a  wire. 

Experiment  1. — As  soon  as  crystallization  began,  the  element  was 
dipped  into  the  center  of  the  charge.  Temperature  1350°. 
All  monoclinic  pyroxene. 

Experiment  2. — Amphibole  started  to  crystallize  in  the  outer 
zone.  Measurement  as  in  1.  Temperature  1300°.  Mono- 
clinic pyroxene  started  at  once.  ' 

Experiment  3. — Same  as  2.     Temperature  1300°.  , 

Experiment  4. — Amphibole  began  to  crystallize  on  the  upper 
surface  next  the  crucible  wall  as  in  2.  The  element  was 
dipped  in,  on  the  boundary  line,  between  solid  and  liquid, 
about  1*^™  from  the  crucible  wall.  Temperature  1150°. 
Monoclinic  pyroxene  started  instantly. 

Experiment  5. — Amphibole  began  to  crystallize  as  usual.  We 
waited  until  it  nearly  covered  the  surface  and  then  dipped 
the  element  into  the  liquid,  which  remained  in  the  middle. 
Temperature  1180°.  When  the  charge  was  removed  from 
the  crucible,  all  but  the  upper  layer  proved  to  be  mono- 
clinic pyroxene. 

Experiment  6. — Like  Experiment  4.     Temperature  1165°. 

'  The  rise  of  temperature  with  crystallization,  the  rapid 
radiation  of  heat  from  an  unprotected  crucible,  the  variation 
of  temperature  in  different  parts  of  the  mass,  all  prevent  any- 
thing better  than  rough  temperature  estimates,  but  the  fact 
that  the  amphibole  forms  in  a  region  near  which  a  slight 
disturbance  is  sufficient  to  crystallize  the  glass  to  monoclinic 
pyroxene,  is  conspicuous  and  important.  This  temperature  has 
been  shown  in  an  earlier  part  of  the  paper  to  be  above  1150°. 

Properties  of  Orthorhomhic  Amphihole, — This  amphibole 
appears  white  and  porcelain-like,  and  crystallizes  in  radial 
spherulites  and  fibrous  aggregates.  Since  we  have  not  yet  been 
able  to  obtain  crystals  suitable  for  measurement,  its  identifica- 
tion rests  solely  on  the  correlation  of  its  other  properties,  chiefly 
optical,  with  those  of  the  natural  mineral,  kupfferite. 

The  fibers  were  too  tine  and  too  intimately  intergrown  to 
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show  the  cleavage  plainly,  still  in  a  naniber  of  cases  where 
til>ers  were  tilted  to  a  vertical  position  nnder  the  microscope 
an  indistinct  cleavage  of  about  120°  was  observed.  Their 
hardness  is  6.  In  transmitted  light  the  agfi:n^tes  do  not 
ap|H>ar  so  clear  and  transparent  as  the  pyroxenes,  but  are 
usually  of  a  pale  brown  color.  The  refractive  indices  were 
measured  by  the  method  of  refractive  liquids  :  7=l-591db*003, 
a  =  l'578db"003,  fi  =  l'585db*004.  Birefringence  is  not  strong, 
*0l3  approximately,  and  the  interference  colors  are  confined  to 
the  bright  tints  of  the  first  and  second  orders.  The  extinction 
is  usually  parallel  to  the  direction  of  elongation,  although  in 
a  few  sections  a  small  extinction  angle,  c :  c  =  3°-4>°,  was 
observed,  indicating  intergrowths  of  orthorhombic  and  mono- 
clinic  amphiboles  similar  to  those  observed  in  nature.  The 
plane  of  the  optic  axes  lies  parallel  to  the  long  direction  ;  the 
optic  axial  angle  is  large  and  the  optical  character  apparently 
positive,  determined  on  a  section  nearly  perpendicular  to  an 
optic  axis.  The  pleochroism  is  c  =  bi-own,  and  h  lighter  brown  ; 
absorption,  c  >  J. 

Lines  of  growth  are  often  distinct  within  the  crystallites 
and  exhibit  a  plumose  arrangement. 

Although  the  above  optical  data  do  not  suffice  to  prove 
definitely  that  this  form  of  magnesium  metasilicate  is  an 
amphibole,  they  do  agree  closely  with  the  properties  of  the 
orthorhombic  amphibole  of  similar  composition  found  in 
nature.  Unfortunately,  the  definite  solution  of  this  question 
must  be  deferred  until  after  means  have  been  devised  to  pro- 
duce measurable  crystals. 

The  specific  gravity  was  determined  on  several  different 
preparations,  two  of  which  (I  and  II)  were  very  carefully 
examined  microscopically  and  found  to  be  practically  pare; 
the  third,  having  been  observed  by  the  same  method  to  contain 
small  quantities  of  glass  and  the  monoclinic  form,  was  separated 
with  great  care  by  heavy  solutions  (methylene  iodide  and  ben- 
zene), the  separation  of  each  i)ortion  being  twice  repeated  and 
controlled  by  the  microscope. 

Specific  gravity  at  25"  C. 

Prep.  I.  2-858  Prep.  11.  2800  Prep.  III.   2855 

2-856  2-860  2-853 


2-857  2-860  2-854 

Average,  2-857 

Transformation  of  Orthorhombic  Amphibole  by  Heat. — 
The  orthorhombic  amphibole  changes,  like  enstatite,  and  some- 
what more  rapidly,  into  the  monoclinic  pyroxene,  when  heated 
to  a  sufficient  temperature.  Here,  too,  the  change  is  sluggish, 
e  following  table  indicates : 


f^W 
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Table  VII. 
Change  of  Orthorhombic  Amphibole  to  Monoclinic  Pyroxene. 


Time. 

Temperature. 

Observations. 

1  day 

1020°-! 040° 

No  change. 

2  days 

1055  -1077 

Indications    of     slight 

change. 

20  hours 

1100  -1100 

No  change    observed. 

18  hours 

1120  -1140 

Fragments  dotted  with 
pyroxene. 

3  days 

1127  -1163 

All  changed. 

18  hours 

1144  -1173 

Partly  changed. 

2  days 

1150  -1183 

All  changed. 

It  is  possible  that  at  the  lower  temperatures  tlie  amphibole 
passes  into  enstatite ;  the  product  is  there  so  fine-grained  that 
a  microscopic  distinction  between  the  two  pyroxenes  cannot 
be  made. 


Part  II. — Relations  of  the  different  forms  to  one  another. 

Stability/  relatimis, — The  four  forms  of  magnesium  silicate 
having  thus  been  prepared  and  studied  in  detail,  the  question 
of  their  relative  stability  arises.  It  is  well  known  that  a  sub- 
stance chemically  homogeneous  may  exist  in  several  different 
physical  forms,  which  are  called  polymorphic  when  they  yield 
identical  liquids,  solutions  and  vapors,  in  which  case  their 
chemical  molecules,  in  distinction  from  those  of  isomers,  are 
identical.  Polymorphic  substances  are  enantiotropic  when,  by 
heating,  one  form  changes  without  melting  into  the  other  at  a 
definite  temperature  called  the  inversion  point,  and  on  cooling 
again  the  reverse  change  takes  place.  In  this  case,  the  first 
form  is  stable  below  the  inversion  point  only,  the  second  above 
it.  The  form  stable  at  lower  temperatures  inverts  to  the  other 
with  absorption  of  heat,  and  the  reverse  change  takes  place 
with  evolution  of  heat.*  An  instance  of  the  enantiotropic 
relation  is  the  mineral  wollastonite,  which  inverts  at  about 
1190°,  with  absorption  of  heat,  into  a  second  form,  pseudo- 
hexagonal  in  symmetry. 

In  another  class  of  polymorphic  substances  there  is  no  such 
inversion  point,  and  one  of  the  forms  is  more  stable  than  the 
other  at  all  temperatures  below  the  melting  point.  These 
relations  are  best  expressed  by  diagrams. 

*  GHven  the  relations  of  the  vapor  pressures,  this  follows  from  the  second 
law  of  thermodynamics.  Van't  Hoff,  Vorlesungen  iiher  Theoret.  u.  Phys. 
Ohemie,  Braunschweig,  1901,  ii,  128. 
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Enantiotropy. — In  fig.  7, 

OT  =  axis  of  temperatures. 

OP  =  axis  of  vapor  pressures. 

abc  =  vapor  tension  curve  of  liquid., 

ed    =  vapor  tension  of  solid  stable  below  T,. 

db    =  vapor  tension  of  solid  stable  above  T,. 

Tjj    =  inversion  point. 

T,    =  melting  point  of  form  stable  above  T,. 


? 


Fig.  7.  Vapor  pressure  curves  in  a  case  of  eDantiotropy  ;  ed  is  curve  of 
solid  stable  below  Tj ;  db  is  curve  of  solid  stable  above  T«.  The  full  line* 
represent  a  condition  of  stability,  the  dotted  lines  a  condition  of  instability. 

The  two  curves  ed  and  fh  intersect  at  d  below  the  melting 
point  curve.  At  this  point  the  two  forms  have  the  same 
vapor  pressure,  and  are  therefore  in  eguilibrinm,  and  the 
temperatnre,  T,,  is  the  inversion  point.  Likewise,  the  poiDt 
T,  is  common  to  two  curves,  hd  oi  the  solid  stable  at  higher 
temperatures,  and  ac  of  the  liquid  ;  at  that  point,  therefore, 
this  solid  and  the  liquid  are  in  equilibrium,  and  T^  is  the  melt- 
ing point.  Since  in  jjeneral  the  curve  ed  cannot  be  prolonged 
so  as  to  intersect  witli  the  curve  ac^  the  solid  stable  at  lower 
temperatnre  usually  has  no  melting  point,  hd  can  usually  he 
prolonged  to  low  temperatures  by  sudden  cooling  or  other- 
wise, a  fortunate  circumstance  without  which  nearly  all  physi- 
cal and  chemical  data  upon  the  solids  stable  only  at  high  tem- 
peratures would  be  unattainable. 
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Monotropy. — In  fig.  8, 

OT  =  axis  of  temperatures. 

OP  =  axis  of  vapor  pressures. 

abed  =  vapor  pressure  curve  of  liquid. 

eb  =  vapor  pressure  curve  of  unstable  solid. 

fc  =  vapor  pressure  curve  of  stable  solid. 

Tj  =  melting  point  of  stable  form. 

T,  =  melting  point  of  unstable  form. 
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Fig.  8.     Vapor  pressure  curves  in  a  case  of  monotropy ;  eb  is  curve  for 
nnstable  form  ;  fc  is  curve  for  stable  form. 

This  figure  represents  the  relations  between  the  vapor  pres- 
sure curves  of  two  nionotropic  solids  and  their  corresponding 
liquid.  The  curve  differs  from  the  preceding  case  only  in  that 
fh  and  ed  do  not  intersect  before  reaching  the  melting  point 
curve  ahc.  At  b  the  vapor  pressure  of  one  solid  is  equal  to 
that  of  the  liquid,  and  the  two  are  in  equilibrium  ;  T,  is  there- 
fore the  melting  point  of  this  form.  Similarly,  T^  is  the  melt- 
ing point  of  the  second  (stable)  solid.  It  will  be  noted  that 
for  a  given  temperature  the  vapor  pressure  of  the  first  solid  is 
always  greater  than  that  of  the  second  ;  the  two  curves  do  not 
intersect  below  either  melting  point  and  therefore  are  not  in 
equilibrium  at  any  temperature;  the  solid  of  lower  vapor 
pressure  is  more  stable  than  the  first  throughout.  The  melt- 
ing point  of  the  unstable  solid  is  always  lower  than  the  other, 
but  in  practice  the  unstable  form  often  changes  into  the  more 
stable  before  its  own  melting  point  (T,)  is  reached. 
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Although  many  solids,  like  the  minerals  under  discussion^ 
have  a  vapor  tensioa  much  too  low  for  meararem^it  at  these 

temperatures,  the  relations  are  as  represented  in  the  diagram.* 
The  stability  relations  of  the  four  polymorphic  forms  of 
magnesium  silicate  may  be  shown  in  the  same  way  by  a  simple 
diagram  (fig.  9).  These  curves  do  not,  of  course,  represent 
measured  vapor  pressures,  but  simply  the  order  of  the  stability 
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Fig.  9.  fa  is  vapor  pressure  curve  for  orthorbombic  ampbibole ;  hb  is 
vapor  pressure  curve  for  monoclinic  ampbibole  ;  mc  is  vapor  pressure  curve 
for  ortborbombic  pyroxene  ;  nd  is  vapor  pressure  curve  for  monoclinic 
pyroxene. 

of  the  forms.  As  is  proved  by  the  experiments  described 
below,  the  monoclinic  pyroxene,  at  atmospheric  pressure,  is 
the  most  stable,  and  the  others  bear  a  monotropic  relation  to 
it,  their  relative  stability  being  in  the  order  indicated  by  the 
vapor  pressure  curves. 

Two  lines  of  evidence  lead  to  this  conclusion  :  (1)  a.  Ensta- 
tite  and  the  amphiboles,  while  still  in  the  solid  state,  pass  over 
at  high  temperatures  into  monoclinic  pyroxene  which  cannot 
be  changed  back  without  passing  through  the  amorphous  state ; 
5.  At  much  lower  temperatures  (about  800°)  the  same  three 
forms  can  be  dissolved  and  recrystallized  simultaneously  into 
the  monoclinic  pyroxene  by  means  of  flnxes  ;  (2)  enstatite  and 
the  two  amphiboles  change  into  monoclinic  pyroxene  with 
evolution  of  heat. 

(1)  Although  it  was  shown  conclusively  that  the  amphiboles 
change   into   monoclinic  pyroxene   above   about   1150°,    and 

♦Roozeboom,  Heterogen  Gleicbgewicbte,  Heft.  1,  168-159,  Braunschweig, 
1901. 
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enstatite  changes  to  the  same  form  above  1260*^,  and  that  on 
cooling  neither  of  the  changes  is  reversible,  these  facts  in 
themselves  do  not  prove  monotropy.  In  certain  cases  of 
enantiotropy,  mere  cooling  of  the  form  stable  at  higli  tem- 
peratures does  not  suffice  to  revert  it  to  the  other  form,  even 
when  both  forms  are  in  contact  and  unlimited  time  is  allowed.* 
This  inertia  is  apparently  due  to  the  great  internal  friction 
between  the  molecules  at  temperatures  below  the  inversion 
point.  The  molecular  immobility  may  be  overcome  by  the 
use  of  suitable  fluxes  in  which  solution  of  the  unstable  form 
and  precipitation  of  the  stable  go  on  hand  in  hand,  the  unsta- 
ble form  being  the  more  soluble.  Thus  pseudo-wollastonite 
is  less  stable  than  wollastonite  below  the  inversion  point,  yet 
it  does  not  revert  to  it  at  lower  temperatures  except  by  the 
aid  of  proper  solvents.  In  this  case,  molten  calcium  vanadate 
proved  well  adapted  to  the  purpose.  Tlie  pseudo-wollastonite 
dissolved  in  it  and  cotemporaneously  wollastonite  crystallized 
out. 

Similar  tests  with  solvents  were  applied  to  the  different  forms 
of  magnesium  silicate  with  the  result,  as  we  have  already 
recounted  in  detail  (pp.  387  et  seq  ),  that  from  a  considerable 
number  of  solvents  magnesium  silicate  was  found  to  pass  into 
solution  and  gradually  to  crystallize,  invariably  as  monoclinic 
pyroxene,  whatever  crystal  form  was  originally  taken.  This 
indicates  that  at  atmospheric  pressure  the  monoclinic  pyroxene 
is  tlie  most  stable  form  of  magnesium  silicate  at  all  tempera- 
tures between  about  800°  and  the  melting  point  of  the  mono- 
clinic form  (1521°). 

(2)  In  order  to  confirm  this  evidence  of  monotropy,  we  sought 
to  ascertain  the  direction  of  the  heat  changes,  whetner  exother- 
mic or  endothermic,  for  two  of  the  unstable  forms.  The  method 
first  tried  was  that  of  Frankenheim,  which  consists  in  observ- 
ing at  regular  intervals  the  rise  in  temperature  of  a  mass  of 
the  substance.  Heat  was  supplied  by  means  of  the  electric 
resistance  furnace  used  in  this  laboratory,  and  the  temperature 
measured  by  a  thermoelement. f  The  curves  thus  obtained  by 
heating  the  different  forms  are  perfectly  smooth,  showing 
neither  absorption  nor  release  of  heat  until  the  melting  point 
of  the  monoclinic  form  is  reached.  The  fact  that  all  forms 
seem  to  have  the  same  melting  point  indicates  in  itself  that 
the  other  forms  change  into  the  monoclinic  pyroxene  before  melt- 
ing. The  change,  however,  is  so  sluggish  that  it  proceeds 
throughout  a  temperature  interval  of  several  hundred  degrees, 
and  the  heat  is  therefore  so  uniformly  distributed  as  not  to  be 
indicated  by  the  curve. 

*See  "Wollastonite  and  Pseudo-WoUastonite,"  this  Joum.  ser.  4,  xid, 
p.  95, 1906. 

fDay  and  Allen,  Phys.  Rev.,  xix,  184. 
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New  Method  for  Detecting  the  Direction  of  Sluggish  Heat 
Changes. — A  substance  in  whicli  a  transformation  progresses 
80  slowly  tliat  the  accompanying  heat  change  cannot  be 
detected  by  the  ordinary  method,  should  show  it  plainly  if  the 
change  could  be  forced  to  proceed  with  sufficient  velocity. 
The  beat  change  would  then  be  concentrated  and  become 
visible  on  the  temperature-time  curve. 

In  changes  of  this  character,  the  rate  of  change  depends  on 
the  temperature,  and  increases  rapidly  with  it.  If,  tlierefore,  a 
substance  which  is  unstable  at  high  temperatures  be  introduced 
into  a  furnace  which  ie  several  hundred  d^rees  above  tiie 
lower  limit  of  the  unstable  region,  the  heat  effect  is  in  general 
easily  followed.  In  our  experiments  tiie  apparatus  sliown  in 
fig.  10  proved  very  satisfactory  for  the  purpose.  An  empty 
.  platinum  crucible  is  first  placed 

on  a  pedestal  of  refractory 
material  in  the  electric  resist- 
ance furnace.  The  unglazed 
porcelain  tube,  A,  1™  in  inside 
diameter  and  open  at  both 
ends,  passes  through  holes 
drilled  in  the  two  covers,  B 
and  B',  and  is  then  clamped 
in  the  position  shown  in  the 
figure,  the  lower  end  of  the 
tube  reaching  down  to  the  top 
of  the  crucible.  The  theniio- 
element  C  is  covered  by  a 
platinum  shoe,  I),  which 
siiould  occupy  the  same  posi- 
tion in  all  the  experiments, 
i.  e.,  about  the  center  of  the 
charge.  This  is  assured  by 
clamping  the  tube  in  a  tised 
position  and  fastening  the 
element  securely  to  it  by  plati- 
num wire.  Care  was  taken  to 
obtain  like  conditions  in  each 
experiment,  es]}eeial  attention  being  given  to  fitting  together 
tlic  parts  of  the  furnace  to  obtain  minimum  radiation  of  heat, 
and  in  placing  the  crucible  and  thermoelement  in  the  same 
relative  position  for  each  experiment. 

The  furnace  is  now  brought  to  a  constant  temperature,  which 
should  be  sulliciently  high  to  insure  a  rapid  change  of  state. 
In  the  i)articular  substances  which  we  investigated,  tempera- 
tures ranging  from  1425''-1475°  were  found  l>est  adapted  to 
show  the  neat  effect.     A  weighed  portion  of  the  substance  (40 
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or  50  grams)  is  then  quickly  dropped  through  the  tube  into  the 
crucible,  after  which  temperature  readings  are  made  at  half- 
minute  intervals  until  the  temperature  of  the  crucible  again 
becomes  practically  constant. 

In  a  second  experiment  under  the  same  conditions,  the 
product  of  this  first  change  is  introduced  into  the  furnace  as 
before,  and  a  second  temperature  cnrve  determined  under 
exactly  the  same  conditions.  A  comparison  of  the  two  curves 
plainly  indicates  the  direction  of  the  heat  change.  If  an  evo- 
lution of  heat  has  taken  place,  the  temperature  rate  is  accel- 
erated and  the  curve  of  the  unstable  boay  lies  to  the  left  and 
above  that  of  the  stable  form,  as  shown  in  curve  I  of  fig.  11. 
On  the  other  hand,  if  there  has  been  an  absorption  of  heat, 
the  temperature  rate  is  retarded  and  the  curve  of  the  unstable 
form  lies  to  the  right  and  below  that  of  the  stable  form. 

In  order  to  test  the  method,  substances  were  first  tried  in 
which  the  direction  of  heat  change  was  known,  e.  g.,  wollas- 
tonite,  which  passes  into  pseudo-wollastonite  with  absorption 
of  heat ;  wollastonite  glass,  which  crystallizes  with  evolution 
of  heat ;  and  albite,  which  melts  with  absorption  of  heat, — 
all  very  slow  changes.  Fig.  11  contains  the  results  obtained 
with  woUastonite  and  wollastonite  glass.  The  number  of 
curves  in  a  single  figure  and  their  general  similarity  of  form 
have  made  it  inadvisable  to  confuse  the  figures  by  attempting 
tc>  show  the  observed  points  on  each  curve.  The  observed 
electromotive  forces  in  microvolts  are  therefore  tabulated 
separately  (Table  VIIT).  The  corresponding  temperatures  are 
not  important,  as  tbe  point  which  we  desire  to  establish  depends 
merely  upon  the  relative  displacement  of  that  portion  of  the 
cur^e  in  which  a  change  of  state  may  be  expected  to  occur. 
The  curves  II  are  heating  curves  for  pseudo-wollastonite, 
which  is  the  stable  form  at  the  temperatures  of  the  experi- 
ment, and  therefore  suffers  no  change  of  state.  Curve  I,  the 
corresponding  curve  for  wollastonite  glass,  lies  to  the  left  and 
above  the  curves  for  pseudo-wollastonite,  and  plainly  indicates 
an  evolution  of  heat,  since  all  other  thermal  conditions  are 
identical  in  the  two  cases.  The  curves  for  wollastonite,  III, 
lag  behind  those  for  pseudo-wollastonite,  and  indicate  heat 
absorption.  The  results  for  albite  and  albite  glass  are  shown 
in  fig.  12  (Table  IX).  It  is  interesting  to  compare  these 
results  for  albite  with  those  obtjiined  for  orthoclase  (which 
resembles  albite  very  closely  in  its  thermal  properties),  in  a 
previous  investigation  in  this  laboratory  by  the  Frankenheim 
method  (fig.  13).* 

•Arthur  L.    Day  and   E.    T.    AUeu,    **The   Isomorphism  and  Thermal 
Properties  of  the  Feldspars,"  this  Journal,  series  4,  xix,  93,  1905. 

Am.  Jour.  Sci.— Fourth  Series,  Vol.  XXI,  No.  131. — November,  1906. 
29 
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The  curves  in  this  figure  (fig.  13)  were  obtained  by  heating 
large  charges  (abont  100  grams)  of  orthoclase  to  a  temperature 
which  caused  a  complete  change  of  state.  During  the  time 
of  melting,  which,  in  the  alkaline  feldspars,  extends  over 
quite  an  mterval,  the  rate  at  which  the  temperature  rises  ie 
retarded  by  heat  absorption,  but  the  change  is  so  slow  that 
this  retardation  is  very  slight.     The  indentation  in  the  curve  is 


Table  YIII  (see  fig.  11). 


Table  IX  (see  fig. 


Wollas- 

Pseudo- 

tonite 

Wollas- 

Albite 

Time. 

glass. 

tonite. 

WoUastonite. 

Time. 

glass. 

0 

mio. 

15000 

15000 

15000 

15000 

15000 

0 

mio. 

15000 

11400 

11300 

10600 

9900 

11100 

11100 

1 

u 

11450 

10905 

9960 

9170 

10380 

1 

u 

9900 

12210 

11450 

10520 

9700 

875 

9900 

2 

it 

12890 

12115 

11350 

10585 

11560 

2 

u 

10525 

13445 

734 

12175 

11495 

12215 

11430 

3 

a 

790 

13208 

790 

12245 

715 

3 

iC 

12365 

14065 

595 

13305 

12840 

13160 

13145 

4 

C( 

262 

880 

680 
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484 

4 
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695 

418 
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970 
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10 

u 

885 
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795 

10 

u 
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829 
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11 
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11 

a 
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851 
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12 
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13 
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made  evident  to  the  eye  by  continuinjr  as  a  dotted  linei 
conrae  the  carve  would  have  followed,  bad  no  absorption 
heat  occurred. 
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Fignree  14-18  (Tables  X-XIV),  sliow  the  curves  obtaiued 
the  new  method  on  the  dificrent  forms  of  maguesiiiiii  iitetae 
cate.  The  cnires  for  tiie  orthorhombic  ampliibole,  eustal 
and  monoclinic  pyroxene  in  fi^-  1+  (Table  X)  were  obtair 
in  preliminary  experiments,  and  are  less  accurate  than  th 
obtained  in  the  later  experiments,  due  to  the  fact  that  the  p< 


4SS     E.  T.  AUai,  F.  E.  Wright  and  J.  K.  Clemml- 


(H«0')  1 

~-        Ai-'^^ 

tz 

Jl^ 

i        -       tiL 

1        -     -,% 

i                     3" 

= 

5 

1         .     3 

1             II 

s        ■    1 

i        '   i 

'   I 

;# 

13000 

■;  " 

t 

I 

.  r 

(jaao*) 

Time— 1  diTleion  =  1  minnte. 
I  =  Orthorhombic  amphibole. 
Ill  =  Monocline  pyroxene. 


Minerals  of  the  Compositioti  MgSiO,.  423 


19000 
(1460=) 

_- 

_ 

_ 

_ 

_ 

_ 

.. 

a 

_ 

_ 

-- 

-  - 

— 

3 

? 

" 

% 

P 

*= 

^ 

- 

- 

" 

- 

/ 

/ 

/ 

i 

1 

/ 

14000 

1 

£ 

s 

a    13000 

_ 

13000 

(IIW') 

Time  — 1  division  =  1  n 


424     E.  T.  Alkn,  F.  E.  Wright  and  J.  K.  Cltmmt— 


15000 

_ 

_ 

(1460) 

T     - 

_- 

" 

— 

^ 

/ 

IV 

/ 

/ 

/ 

/ 

/ 

/ 

, 

/ 

, 

> 

( 

1 

a 

f 

S.    13000 

V 

If 

\ 

H 

1 

[ 

1 

1 

(inn-) 

Time  — 1  diviaiou  = 


Minerala  of  the  Composition  MgSiO,.  425 


(1585-)! 

n 

— 

t— 

^ 

- 

^ 

^ 

:;, 

' 

/ 

/ 

/ 

I 

/ 

/ 

/ 

/ 

/ 

/ 

// 

// 

■H    14000 

£ 

1 

S 

e 

H 

1 

(laao") 

4S6      E.  T.  Attn,  F.  K   WrifUa«dJ.  K.  CUm^tt- 


ilSffi'j 

B 

- 

l~    1    '           '1    ^_^ 

^ 

^ 

bd 

i,,'^^^ 

^-^    . 

y 

1 

' 

1 

« 

/ 

/ 

y 

r  1 

1 

\h 

If 

J 

[/ 

r 

1 

1 

z 

^ 

12000 

(laai) 

Time— 1  diTieiOD  =  1  mimite.. 


Minerals  of  the  Composition  MgSiO,. 


427 


Table  X  (see 

•  fig.  14). 

Table  1 

^T  (see  fig.  15). 

Mono> 

• 

clinic 

Ampbi- 

Time. 

pyroxene. 

bole. 

Eustatite. 

Time. 

Monoclinic. 

Amphibole. 

0 

mill. 

15000 

15000 

15000 

Oi 

min. 

15000 

15000 

15000 

15000 

12700 

13170 

11250 

llOOO 

10850 

11050 

1 

(( 

13500 

415 

12707 

1 

« 

10200 

10003 

9950 

10200 

350 

750 

870 

10520 

10380 

10560 

770 

2 

« 

440 

13200 

13175 

2 

(( 

11185 

915 

11530 

11710 

625 

630 

506 

870 

11650 

12460 

12575 
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830 

930 

780 

3 

a 

12435 
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13170 

14000 

14180 

14017 
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350 
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tion  of  the  thermoelenient  was  less  caretully  adjusted,  but  the 
relative  position  of  the  curves  is  clearly  established.  Figures 
15  and  10  (Tables  XI  and  XII)  contain  curves  for  the  same 
amphibole  and  monoclinic  pyroxene,  and  figures  17  and  IS 
(Tables  XIII  and  XIV)  for  enstatite  and  the  monoclinic 
pyroxene,  which  represent  the  results  of  experiments  made 
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Ta] 

BLB.  Xn  (see 

fig.  16). 

Table  X  111  (see 

fig.  17). 

Monoclinic 

HoBoclinic 

Time. 

pyroxene. 

Amphibole. 

Time. 

pyroxene. 

Enstatite 

0  min. 

15000 

15000 

0  min. 

15800 

15800 

10920 

10600 

12100 
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(( 
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.1 

it 
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4 

u 
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6 
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6 

(( 

915 

215 

476 
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7 
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witli  all  the  precautions  which  we  have  prescribed.  The 
curves  for  both  tlie  eiistatite  and  the  amphibole  lie  to  the 
left  and  above  that  for  the  monoclinic  pyroxene.  They 
therefore  chanii^e  into  the  latter  with  evolution  of  heat,  and 
hence  are  monotropic  with  respect  to  it.  The  curve  for  the 
orthorhombic  amphibole  lies  outside  that  of  enstatite,  and 
consequently  the  exothermic  change  is  quantitatively  greater 
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Tabt.ic  JLIV  (see  fig.  18). 
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for  amphibole,  which  indicates  that  it  is  the  least  stable  of  the 
three  forms.  As  compared  with  the  curve  of  wollastonite  ^lass, 
the  form  of  the  (orthorhombic)  amphibole  curve  is  significant. 
The  change  of  the  former  begins  at  a  much  lower  temperature 
and  forms  a  smooth  curve,  while  the  latter  changes  at  higher 
temperatures  and,  as  a  result,  the  influence  of  the  heat  change 
continues  until  tlie  maxinmm  temperature  is  almost  reached ; 
consequently  the  curve  shows  a  sharp  change  in  direction  near 
the  top. 
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Although  this  method  is  purely  qualitative,  repeated  trials 
on  all  these  substances  have  convinced  us  that  the  relative  posi- 
tion of  the  curves  is  invariable,  l^o  point  oi  change,  of  course, 
can  be  found. 

In  the  consideration  of  these  curves  the  fact  must  not  be 
overlooked  that  thev  include  two  quantities  which  may  be 
independently  variable,  the  heat  of  fusion  or  inversion  and  the 
specific  heat.  In  general  it  is  undoubtedly  true,  and  therefore 
a  justifiable  assumption  in  this  case,  that  latent  heats  are  of  a 
greater  order  of  inagnitude  than  specific  heats.  Although 
glasses  possess  higher  specific  heats  than  the  solids  which  crys- 
tallize from  them,  polymorphic  forms  of  the  same  substance 
in  all  probability  possess  similar  specific  heats.  For  the  pur- 
poses iiere  described,  we  are,  therefore,  perfectly  safe  in  assum- 
ing that  the  comparisons  made  are  independent  of  differences 
of  specific  heat  in  the  substances  experimented  upon.  The 
results  obtained  for  albite  bv  this  method  are  in  full  accord 
with  well  established  existing  data,  although  albite,  of  all  the 
substances  examined,  might  be  expected  to  offer  difficulties 
from  this  cause.  A  substance  exhibiting  a  sluggish  heat  change 
might  perhaps  be  found  in  which  the  relative  magnitude  of 
the  specific  heats  of  it  and  its  product,  when  compared  with 
the  latent  heat  of  the  change,  would  be  such  that  the  latter 
would  have  less  influence  on  the  form  of  the  curve.  In  such 
a  case,  the  method  would  lead  to  erroneous  conclusions. 

It  goes  without  saying  that  if  the  change  to  be  investigated 
does  not  take  place  during  the  time  the  substance  is  in  the 
furnace,  the  method  is  useless.  We  found  this  true  in  the 
case  of  quartz.  When  the  temperature  of  the  furnace  was 
held  at  1560°,  only  about  1  per  cent  of  the  quartz  was  changed 
during  the  twenty  minute  period  of  experiment,  even  though 
other  evidence  has  shown  that  tridvmite  is  the  stable  form 
above  a  point  at  least  as  low  as  800°.* 

Order  of  /Stability. — We  have  seen  (pp.  402,  410  that  the 
orthorliombic  ampliibole  and  enstatite  both  pass  over  into  the 
monoclinic  pyroxene  under  circumstances  \vhich  point  to  the 
greater  stability  of  the  last  named  form ;  that  the  heat  eflFect 
which  accoinpanics  this  change  of  state  is  exothermic  in  all  cases, 
but  quantitatively  greater  in  the  change — amphibole >  mono- 
clinic  pyroxene.  The  ampliiboles  are,  therefore,  less  stable  than 
enstatite,  a  conclusion  which  is  substantiated  not  only  by  the 
greater  difficulty  of  forming  the  amphiboles,  but  by  the  closer 
resemblance  of  all  the  i)roperties  of  the  two  pyroxenes.  The 
fact  that  the  monoclinic  amphibole  probably  forms  directly 
from  the  orthorhombic  amphibole  in  the  presence  of  water  at 
375°- 475°,  though  the  orthorhombic  form  is  all  the  while  in 

*  Day,  Shepard  and  Wright,  loc.  cit. 
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excess,  indicates  the  greater  stability  of  the  former.  In  connec- 
tion with  this  it  should  be  noted  that  the  two  amphiboles  resem- 
ble each  other  as  closely  as  do  the  two  pyroxenes,  the  mono- 
clinic  forms  being  the  stabler  in  both  cases.  The  order  of 
stability  of  the  four  forms  is  represented  in  the  diagram  (p.  414). 
Vohime  Relations. — Although  theoretically  there  is  no  reason 
requiring  it,  the  facts  show  that  the  specific  gravities,  and  there- 
fore the  specific  volumes,  of  the  four  forms  of  magnesium  silicate 
lie  in  the  order  of  their  stability: 

Specific  gravity  of  glass 2-743 

"  "         **  orthorhorabic  amphibole 2  857 

"  "         "  monoclinic  "         * 

**  "         "  orthorhombic  pyroxene  . 3*1 75 

"  ''         '*  monoclinic  "  3-192 

Geological  Inferences, 

Conditions  of  Formation  of  Meteorites. — It  has  been  shown 
above,  that  the  monoclinic  magnesian  pyroxene,  though  not 
generally  recognized  as  a  mineral,  does  occur  in  nature.  After 
it  had  been  found  to  be  the  stablest  form  of  magnesium  meta- 
silicate,  its  occurrence  seemed  altogether  likely.  An  exanuna- 
tion  of  the  literature  then  developed  the  fact  that  Fouque  and 
Levy  had  already  discovered  it  in  meteorites.f  Still  their  proof 
lacked  one  essential  point;  they  assumed  the  composition  of  the 
mineral.  The  optical  study  of  the  material  of  tlie  Bishopville 
meteorite,  which  has  been  shown  to  be  practically  pure  mag- 
nesium silicate,:}:  supplied  the  missing  link  in  the  chain:  a  care- 
ful measurement  of  all  its  important  optical  constants,  and  a 
comparison  of  these  with  the  constants  of  our  monoclinic  form, 
established  the  identity  of  the  two.  Fouque  and  Levy  state 
that  in  some  ineteorites  the  monoclinic  form,  in  others  the  ensta- 
tite,  is  in  excess.  In  the  Bishopville  and  other  meteorites, 
this  form  is  intergrown  with  enstatite.  In  the  similar  inter- 
growths  of  enstatite  with  a  "monoclinic  pyroxene"  so  frequently 
observed  in  rocks,  it  is  very  probable  that  in  some  cases  the 
latter  has  the  same  composition  as  the  enstatite. 

The  parallel  growths  of  enstatite  and  the  monoclinic  pyrox- 
ene which  are  characteristic  of  meteorites,  we  were  able  to  repro- 
duce by  cooling  a  molten  mass  of  pure  magnesium  silicate  at  a 
rather  rapid  rate.     The  slower  the  cooling,  the  more  of  the 

*  The  specific  gravity  of  this  form  has  not  been  determined,  because  the 
sabstance  has  not  been  obtained  free  from  other  forms.  Its  average  index  of 
refraction  is  very  close  to  that  of  the  orthorhombic  amphibole,  but  appears 
to  be  a  trifle  higher,  so  that  we  assume  with  some  deg^e  of  probability  that 
the  specific  gravities  of  the  two  amphiboles  are  related  just  as  those  of  the 
two  pyroxenes. 

+  Bull.  Soc.  Min.,  iv,  279,  1881. 

;  J.  Lawrence  Smith,  this  Journal  (2),  xxxviii,  225,  1864. 
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monoclinic  form  is  obtained;  hence  we  conclude  that  the  Bishop- 
ville  meteorite  was  probably  cooled  rather  rapidly  from  a  high 
initial  temperature.  The  occurrence  of  similar  intergrowths  of 
the  same  minerals  in  many  other  meteorites  indicates  that  the 
above  mode  of  formation  is  a  general  one,  though  ferrous  sili- 
cate, which  is  generally  present,  would  lower  the  temperature 
of  crystallization. 

Occurrence  of  unstable  forums  of  the  metasilicate  in  nature. — 
Since  the  monoclinic  magnesian  pyroxene  is  the  stablest  form, 
the  question  naturally  arises,  why  does  it  not  occur  more  fre- 
quently in  nature.  The  probable  explanation  is  that  the  mag- 
nesium silicate  of  nature  generally  crystallized  from  solutions 
or  magmas,  the  temperature  and  viscosity  of  which  conditioned 
the  formation  of  the  enstatite  or  amphibole. 

In  the  foregoing,  it  has  been  proved  that  under  atmospheric 
pressure  the  monocline  pyroxene  is  the  most  stable  form  of 
magnesium  silicate,  and  it  has  been  shown  how  various  solvents 
may  transform  the  other  polymorphs  into  this  one.  Yet  it  is  a 
very  common  thing  for  unstable  forms  of  enantiotropic,  as 
well  as  monotropic,  substances  to  crystallize  first*  from  solu- 
tion, whether  we  start  out  with  a  stable  or  unstable  form,  pro- 
vided the  solution  is  not  in  contact  with  the  stable  solid;  and 
in  one  instance,  that  of  mercuric  iodide,t  crystals  of  the  unsta- 
ble yellow  variety  sometimes  form  even  in  the  presence  of 
nuclei  of  the  red  (stable)  form,  though  they  soon  pass  over  into 
the  latter. 

We  had  already  found  that  tlie  unstable  amphibole  forms 
from  water  solutions  at  temperatures  of  375°- 475°,  and  it 
seemed  worth  while  to  make  the  attempt  to  produce  enstatite  as 
well  as  the  orthorhombic  amphibole  from  silicate  (magmatic) 
solutions  at  higher  temperature.  We  used  for  these  experiments 
portions  of  50  to  60  grams,  the  solutions  consisting  of  magne- 
sium silicate  mixed  with  about  10  per  cent  of  its  weight  of  vari- 
ous other  substances.     The  results  are  recounted  briefly  below: 

1.  40  grams  magnesium  silicate  and  5  grams  of  ferric  oxide  were 
fused  in  a  Fletcher  furnace.  The  heat  was  then  turned  off 
and  the  crucible  allowed  to  cool  in  the  covered  furnace  in 
which,  as  the  walls  ai-e  thick,  the  temperature  falls  at  such  a 
moderate  rate  that  the  pure  magnesium  silicate  crystallizes 
almost  entirely  in  the  monoclinic  form.  A  microscopic  exam- 
ination showed  that  the  ferric  oxide  had  not  greatly  influ 
enced  the  crvstallization. 

*  Rej^arding  the  crystallization  of  supliiir,  see  Gmelin -Kraut,  Handbuch 
der  Chemie,  vol.  1,  part  2,  p.  155;  and  for  similar  facts  about  pbosphoniB, 
see  vol.  1,  part  2,  p.  10.  See  also  O.  Lehmann,  Molekular-Physik,  vol.  1, 
p.  198,  for  many  other  instances  of  this  kind. 

f  Kastle  and  Reed,  Am.  Chem.  Joum.,  xxvii,  217,  1902. 
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2  42  grams  of  magnesium  silicate  and  about  4  grams  of  labrador- 
ite  (AhjAn^)  were  melted  and  cooled  under  similar  condi- 
tions. The  magnesium  silicate  crystallized  chieily  as  mono- 
clinic  pyroxene  with  some  enstatite  present.  Small  amounts 
of  gla^s,  probably  plagioclase  glass,  filled  the  interstices 
between  the  pyroxene  laths. 

3.  To  solution  1,  5  grams  of  orthoclase  were  added  ;  the  whole 

was  then  fused  and  crystallized  as  before.  This  time  a  quan- 
tity of  coarsely  crystalline  enstatite  was  produced.  The  ortho- 
clase remained  sis  glass. 

4.  50  grams  of  magnesium  silicate  and   5  grams   of   albite    were 

fused  and  cooled  as  before.  The  magnesium  silicate  crystal- 
lized mostly  as  enstatite,  with  the  characteristic  properties: 
paralled  extinction,  c  =  c,  cleavage  prismatic  with  an  angle 
of  about  90°,  birefringence  not  strong,  optically  positive;  2E 
apparently  larger  than  usual.  The  section  consisted  of  clear 
enstatite  laths  and  intercalated  patches  of  a  cryptocrystal- 
line,  dust-like  aggregate  which  appears  to  contain  albite 
and  enstatite — perhaps  a  eutectic  mixture  of  the  two.  Parts 
of  the  aggregate  had  a  refractive  index  apparently  equal  to 
that  of  albite. 

5.  46  grams  magnesium  silicate,  4  grams  sodium  metasilicate,  and 

1  gram  potassium  metasilicate  were  fused  and  cooled  under  the 
usual  conditions.  The  cake  was  filled  with  beautiful  prismatic 
crystals,  the  longest  of  which  was  23""  in  length.  Most  of  the 
magnesium  silicate  had  crystallized  as  enstatite,  though  there 
was  some  of  the  monoclinic  form.  The  optic  axial  angle  of  the 
enstatite  was  apparently  larger  than  usual. 

6.  Preparation  No.  4,  consisting  of   the   metasilicate  with  10  per 

cent  albite,  was  remelted  and  cooled  more  rapidly  than  the 
previous  solutions.  The  product  consisted  chiefly  of  the  low 
refracting,  orthorhombic  amphibole  form  of  the  metasilicate. 
iMany  of  the  fragments  of  the  product  were  clearer  and  showed 
brighter  interference  colors  than  the  amphiboles;  they  con- 
sisted of  finely  intergrown  fibers  of  refradtive  index  slightly 
less  than  that  of  the  amphiboles  (about  1*560)  which  may 
have  been  due  to  a  solid  solution  of  albite  in  the  amphibole. 

7.  4'6  grams  of  albite  were  added  to  46  grams  of  the  magma  de- 

scribed under  6,  giving  a  solution  containing  about  20  per  cent 
as  much  albite  as  silicate  of  magnesium.  The  fusion  was 
cooled  like  6  and  the  low  refracting  amphibole  formed.  The 
grains  were  not  clearly  transparent  and  exhibited  the  dusty 
appearance  observed  in  the  albite-enstalite  mixture  of  pro- 
duct No.  4.  The  refractive  index  and  other  optic  properties 
coincided  closely  with  those  of  the  magnesium  amphibole 
from  pure  melts. 

Silicate  solutions  can  probably  be  prepared  from  which  the 
amphibole  will  crystallize  by  a  process  of  slow  cooling  such  as 
prevails  in  nature,  but  thus  far  we  have  not  hit  upon  a  compo- 
sition which  is  effective. 

An.  JouB.  Sci.— Fourth  Sbribs,  Vol.  XXII,  No.  181.— Novkmbkr,  1906. 
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In  explaining  the  formation  of  enstatite  in  tlie  above  cases,  the 
influence  of  temperature  is  doubtless  of  importance.  When 
pure  magnesium  silicate  is  cooled  slowly  enough,  i.  e.,  when 
crystallization  occurs  at  a  tempemture  not  too  far  below  the 
melting  point,  only  the  stable  monoclinic  form  is  obtained;  if 
cooled  more  rapidly,  enstatite  begins  to  form;  still  more  rapidly, 
and  we  have  am  pinhole;  and  finally,  when  we  chill  very 
suddenly,  glass  is  the  result.  In  all  these  cases,  the  temperature 
at  w^hich  crystallization  occurs  is  the  lower  the  more  rapid  the 
cooling. 

The  first  influence  of  these  solvents  is,  therefore,  no  doubt,  to 
lower  the  temperature  at  which  crystallization  takes  place, 
though  not  all  of  them  are  equally  eflEective;  the  addition  of 
labradorite  and  ferric  oxide  makes  less  difference  than  albite, 
orthoclase  and  the  alkaline  silicates. 

This  explanation  is,  however,  an  incomplete  one,  otherwise 
why  should  fluxes  like  the  vanadates  of  magnesium  and  cal- 
cium, tellurous  oxide,  and  magnesium  chloride,  always  give 
the  monoclinic  form  even  at  considerably  lower  temperaturcs. 
Comparing  these  solutions  with  those  which  give  rise  to 
enstatite,  we  note  at  once  that  the  one  property  which 
serves  to  distinguish  the  two  classes  is  the  viscosity.  The 
monoclinic  variety  is  obtained  from  thinly  fluid  solutions.  At 
first  sight  it  might  appear  otherwise  with  the  vanadates, 
because  the  whole  mass  of  silicate  and  vanadate  from  which 
we  crystallize  the  silicate  seems  little  more  than  pasty.  The 
most  of  the  mass  is  indeed  undissolved  solid,  but  the  molten 
vanadates  are  comparatively  thin  and  so  no  doubt  is  the  solu- 
tion which  covers  the  surface  of  the  grains  of  silicate  and  colors 
it  yellow.  The  enstatite,  on  the  other  hand,  was  obtained  from 
solutions  which  are  comparatively  viscous  at  the  temperature 
of  crystallization. 

The  influence  which  the  viscosity  of  a  solvent  exerts  on 
the  transformation  of  unstable  crystals  which  stand  in 
contact  with  it,  has  been  very  well  shown  by  Kastle  and 
Reed.*  The  substance  which  they  investigated  was  mercu- 
ric iodide,  an  enantiotropic  substance  with  an  inversion  point 
at  128°.  The  yellow  form  is  only  stable  above  this  point,  yet 
below  that  it  is  always  obtained  from  solutions  whatever  the 
solvent  may  be.  .The  rate  at  which  this  form  passes  over  into 
the  red  variety,  stable  at  ordinary  temperatures,  depends  on  the 
viscosity  of  the  solvent.  Thus  with  certain  mobile  solvents  like 
water,  the  transformation  was  complete  in  a  very  short  time, 
while  under  a  concentrated  sugar  solution  the  red  appeared 
only  after  several  days,  in  glycerine  after  two  weeks,  and  in 
vaseline  none  appeared  after  a  year  and  a  half.  In  the  case  of 
mercuric  iodide,  so  far  as  known,    the   unstable   form   always 

*  Loc.  cit. 
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crystallizes  no  matter  wliat  the  solvent,  but  this  is  not  true  in 
many  otlier  instances.  It  seems  entirely  reasonable  to  expect 
that  if  a  solvent  by  its  viscosity  can  hinder  a  transformation  in 
the  solid  state,  it  may  also  in  certain  cases  restrain  the  mole- 
cules in  the  act  of  crystallization  from  assuming  the  configura- 
tion characteristic  of  the  stablest  structure.  And  we  might  also 
expect  viscosity  to  be  especially  eflEective  where  the  transfor- 
mation of  the  unstable  form  into  the  stable  is  effected  with 
comparative  difficulty,  as  it  is  in  the  ease  of  the  magnesium 
silicates.  This  would  explain  why  enstatite  comes  out  of  a 
viscous  silicate  solution  at  a  temperature  much  higher  than  that 
at  whicli  the  monoclinic  form  is  obtained  from  thinner  solutions. 
At  first  thought  one  might  be  inclined  to  regard  viscosity  as 
directly  conditioning  the  form  of  the  crystal,  and  to  look  upon 
the  temperature  as  merely  influencing  the  viscosity,  but  furtlier 
reflection  convinces  that  this  can  not  be  so,  for  we  obtained 
the  amphibole  from  aqueous  solutions  at  375°-475°.  The 
properties  of  aqueous  solution  in  general,  however,  differ 
widely  from  others.  It  is  probable  that  those  movements  of 
the  molecule  which  depend  directly  upon  temperature  have  a 
very  important  influence  on  crystallization.  Although  tem- 
perature and  viscosity  are  certainly  important  factors  in  the 
formation  of  unstable  modifications,  the  knowledge  of  the  sub- 
ject is  still  insufficient,  and  what  we  have  is  too  little  systema- 
tized to  generalize  in  an  entirely  satisfactory  way. 

Information  of  Amphiholes. — Regarding  the  formation  of 
forms  III  and  IV,  it  seems  quite  beyond  tlie  bounds  of  proba- 
bility that  they  should  be  formed  in  nature  by  the  rapid  cooling, 
which,  on  a  small  scale,  is  effective.  On  the  other  hand,  assuming 
that  these  forms  are  really  amphil)oles,  tlie  formation  of  at 
least  one  of  them  from  aqueous  solutions,  at  a  temperature  of 
375*^-475*^,  is  consistent  with  recognized  geological  forces;  at 
any  rate,  our  experiments  indicate  that  the  two  amphiboles 
form  at  lower  temperatures  tl)an  tlie  pyroxenes.  We  are  inclined 
to  regard  the  pressure  in  these  experiments  as  an  unessential 
factor,  except  in  so  far  as  it  is  necessary  to  prevent  the  escape 
of  water  at  these  temperatures,  because  in  the  first  place  it  has 
been  seen  that  both  substances  (III  and  IV)  could  be  obtained 
without  pressure,  and  secondly,  the  specific  volume  of  these 
amphiboles,  as  of  all  others,  for  that  matter,  is  greater  than  that 
of  the  corresponding  pyroxenes.  According  to  Le  Chatelier's 
principle,  pressure  should  tend  to  produce  the  system  of  small- 
est volume. 

Helation  between  Pyroxenes  and  Ainphiboles, — Though  we 
refrain  from  generalizing  as  yet  in  regard  to  the  two  great  min- 
eral groups,  tne  amphiboles  and  the  pyroxenes,  we  can  say  that 
the  demonstration  of  an  irreversible  (monotropic)  relation 
between  each  of  the  two  magnesian  amphiboles  and  the  stable 
pyroxenes  accords  with  the  experience  of  many  other  investi- 
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gators  that,  experimentally,  amphiboles  may  be  readily  changed 
into  pyroxenes  but  not  pyroxenes  into  amphiboles. 

False  Equilibria  in  Nature. — Since  these  studies  .have 
shown  the  instability  of  enstatite  and  the  amphiboles  of  the  com- 
position MgSiO,,  it  may  be  at  once  inferred  that  not  all  natural 
minerals  are  stable.  The  occurrence  of  the  unstable  forms 
alone  constitutes  what  is  commonly  called  a  metastable  condi- 
tion (apparent  false  equilibrium  of  Duhem),  in  which  it  is  gener- 
ally assumed  that  equilibrium  may  be  brought  about  by  contact 
with  the  stable  phase.  In  anotlier  part  of  this  paper  it  has 
been  demonstrated  that  such  a  contact  is  inadequate,  in  the 
case  of  the  magnesium  silicates,  to  determine  equilibrium  dur- 
ing periods  of  time  which  are  within  the  limits  of  laboratory 
observation. 

Duhem,  in  his  Tliermodynamique  et  Chimie  (p.  436),  draws 
a  ver}'  apt  comparison  between  chemical  and  meciianical  sys- 
tems. The  statics  of  both  are  commonly  treated  as  if  the  sys- 
tems were  frictionless,  whereas  in  both  we  have  to  deal  with  a 
resistance  which  in  the  former  is  ordinary  friction,  in  the  latter 
an  internal  friction  between  the  molecules.  Chemical  systems, 
in  the  majority  of  cases  so  far  studied,  seem  capable  of  reach- 
ing a  true  equilibrium,  or  at  least  a  state  which  approaches 
it  within  measurable  limits,  but  where  the  systems  are  com- 
posed of  viscous  liquids  or  more  especially  of  solids  at  low 
temperatures,  true  equilibrium  may  not  be  reached  even  after 
an  indefinite  time,  the  condition  finally  attained  being  not 
alone  the  result  of  molecular  forces  as  conditioned  by  temper- 
ature and  pressure,  but  of  these  retarding  forces  which  offer 
an  internal  resistance  of  by  no  means  negligible  magnitude. 
(Duhem's  genuine  false  equilibria.)  We  fina  in  nature  false 
equilibria  of  this  kind,  e.  g.,  intergrowths  of  pyrite  and  mar- 
casite*  among  the  sulphides,  and  among  the  silicates  inter- 
growths of  sillimanite  and  andalusite,  and  enstatite  witli 
monoclinic  pyroxene.f  It  has  been  generally  supposed  that 
the  monoclinic  pyroxene  in  the  last-named  case  was  adioj^side, 
but  our  experiments  show  that  similar  aggregates  form  in  arti- 
ficial systems  which  contain  no  calcium  and  that  they  exist  in 
tlie  Bishopville  meteorite.  In  some  cases  it  is  not  at  all  impos- 
sible that  these  systems  are  in  process  of  very  slow  change,  but 
there  is  no  optical  evidence  that  this  is  true  of  the  above-men- 
tioned silicates;  in  other  cases  it  may  be  that  the  two  forms 
were  deposited  at  different  times,  though  in  some  it  would 
appear  that  they  were  actually  crystallized  together;  the 
important  fact  to  note  in  them  all  is  that  they  are  systems 
which  are  not  in  equilibrium.     Because  a  rock  or  mineral  aggre- 

*  Stokes,  H.  N..  U.  S.  Geol.  Survey,  Bull.  186. 

f  We  have  also  obtained  intergrowths  of  the  two  magnesian  amphiboles. 
Therefore  the  aggregates  of  monoclinic  and  orthorhombic  amphiboles  in 
nature  probably  form  another  example  of  this  principle. 
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gate  !8  found  in  nature,  therefore,  where  it  might  be  supposed 
to  have  had  sufficient  time  for  attaining  equilibrium,  is  not  a 
sufficient  reason  for  assuming  that  it  has  actually  reached  the 
state  of  greatest  stability. 

Surtimary. 

1.  There  are  four  crystal  forms  of  magnesium  metasilicate: 
(I)  a  monoclinic  pyroxene,  having  the  characteristic  prismatic 
cleavage  (92°  and  88°),  and  a  similar  axial  i-atio  a  :  J,  but  a  ratio 
c :  a,  which  varies  widely  from  that  of  the  pyroxenes;  (II)  an 
orthorhombic  pyroxene  identical  with  enstatite  and  optically 
very  similar  to  (I);  (III)  a  monoclinic  modification  correspona- 
ing  to  an  amphibole  in  its  optical  properties;  (IV)  an  ortho- 
rhombic  form,  optically  also  an  amphibole  and  resembling  (III) 
very  closely.  These  forms,  with  the  exception  of  (III),  have 
been  prepared  in  pure  condition  or  with  only  traces  of  other 
forms;  their  optical  properties  have  been  studied,  their  specific 
gravities  have  been  determined,  their  behavior  on  heating  has 
been  investigated,  and,  in  the  case  of  (I),  measurable  crystals 
have  been  obtained. 

Forms  (I)  and  (II)  occur  in  nature,  usually  in  mixed  crystals 
with  ferrous  silicate,  and  it  is  quite  probable  that  the  same  is 
true  of  (III)  and  (IV). 

2.  (I)  is  formed  in  pure  condition  by  crystallizing  a  melt  a 
little  below  the  melting  point  (1521°),  which  may  be  readily 
accomplished  by  cooling  slowly.  Measurable  crystals  are 
obtained  by  heating  any  form  of  the  metasilicate  to  about  1000° 
in  molten  magnesium  chloride  traversed  by  a  stream  of  dry 
hydrochloric  acid  gas.  Calcium  vanadate,  magnesium  vanadate, 
magnesium  tellurite,  and  other  fluxes  yield  crystals  which  are 
not  so  well  developed.  All  the  other  forms  of  magnesium 
silicate  pass  into  (I)  at  temperatures  between  1150°  and  1300°, 
depending  on  the  crystal  form  taken.  (II).  This  form  (ensta- 
tite) crystallizes  at  lower  temperatures  than  (I);  the  purest  prep- 
aration, containing  only  traces  of  other  forms,  is  made  by  heat- 
ing the  glass  of  the  same  composition  at  a  temperature  between 
1000°  and  1100°;  large  crystals  of  enstatite  (up  to  23=""  in 
length)  were  obtained  in  silicate  (magmatic)  solutions.  (Ill) 
forms  in  very  small  quantities  by  rapidly  cooling  the  melt;  there 
is  also  evidence  that  it  forms  from  (IV)  when  the  latter  is  heated 
with  water  in  a  bomb  to  a  temperature  of  375°-4:75°.  When 
an  aqueous  solution  of  magnesium  ammonium  chloride,  or 
magnesium  chloride  and  sodium  bicarbonate  is  heated  with 
amorphous  silica  or  sodium  silic4ite,  this  substance  is  probably 
formed,  though  the  crystal  fibers  are  too  small  to  decide  whether 
the  product  is  identical  with  (III)  or  with  (IV).  (IV)  is  obtained 
by  heating  the  molten  silicate  high  above  the  melting  point,  say 
to  ir)00°,  and  then  cooling  rapidly  in  air;  it  cannot  be  formed 
by  heating  the  glass. 
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3.  Of  the  four  polymorphic  forms  of  magnesium  metasilieate, 
(I)  is  the  stable  form  at  all  temperatures  and  the  others  are 
monotropie  toward  it,  the  order  of  stability  being  I,  II,  III,  IV. 
This  order  is  established  by  changing  one  form  into  another  at 
various  temperatures  and  by  proving  that  (II)  and  (IV)  change 
to  (1)  with  evolution  of  heat.  (Ill)  has  not  been  obtained  in  suf- 
ficient quantity  for  this  test.  Though  enstatite  and  the  amphi- 
boles  are  not  stable,  any  more  than  glasses  are,  on  account  of 
the  great  internal  friction  of  the  molecules,  they  have  less  ten- 
dency to  change,  when  once  formed,  than  many  glasses.  We 
cannot  state  definite  limits  of  stability  for  the  various  minerals, 
as  it  is  possible  to  do  where  the  relation  is  enantiotropic;  it  is 
possible,  however,  to  fix  certain  temperature  limits  below  which 
one  of  these  forms  may  crystallize  from  a  melt  of  pure  magne- 
sium silicate.  Thus  enstatite  could  only  form  below  al)out 
1250^,  since  above  that  temperature  it  passes  into  the  monoclinie 
form;  but  it  must  be  remembered  that  in  the  silicate  solutions 
of  nature  this  limit  would  probably  always  be  lower  on  account 
of  the  general  occurrence  in  them  of  such  compounds  as  ferrous 
silicate. 

4.  The  specific  gravities  of  the  four  forms,  in  the  order  of 
their  stability,  are  :  (I)  monoclinie  pyroxene,  3*192;  (II)  ortho- 
rhombic  pyroxene  (enstatite),  3175;  (III)  monoclinie  amphi- 
bole,  not  determined  directly,  but  its  relation  to  (II  and  (IV) 
is  fixed  by  its  index  of  refraction;  (IV)  orthorhombic  amphi- 
bole,  2-857. 

5.  While  our  experiments  do  not  settle  completely  the  mys- 
teries of  the  formation  of  unstable  bodies,  they  do  show  that 
temperature  and  viscosity  are  two  factors  of  prime  importance. 
Thus,  from  melts  or  from  silicate  solutions,  the  stable  mono- 
clinic  form  of  magnesium  metasilieate  crystallizes  at  the  highest 
temperature,  enstatite  next,  and  the  amphiboles  probably  low- 
est of  all.  From  thin  solutions  the  stable  form  is  obtained  at 
still  lower  temperatures,  800°-1000°,  while  from  aqueous  sotu- 
tiona  at  375° -475°  an  amphibole  results. 

6.  Our  study  of  the  Bishopville  meteorite  indicates  that  it 
must  have  been  cooled  very  rapidly  from  a  high  initial  temper- 
ature, and  there  is  evidence  that  the  same  is  true  of  other  mete- 
orites. 

7.  The  intergrowths  of  enstatite  with  the  monoclinie  pyrox- 
ene, and  of  the  two  amphiboles,  which  we  obtained  in  close 
resemblance  to  those  of  nature,  are  cases  of  falsee  quilibrium, 
and  their  occurrence  establishes  the  fact  that  it  cannot  be  as- 
sumed that  all  rocks  or  mineral  aggregates  are  systems  in  true 
equilibrium. 

8.  In  the  course  of  the  investigation  a  useful  method  has 
been  developed  for  detecting  sluggish  heat  changes. 

Geophysical  Laboratory, 

Carnegie  Institation  of  WaBhington,  Jnly,  1906. 
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Art  XXXVIII. — Contributions  to  the  Geology  of  New  Hamp' 
shire:  No.  11^  Petrography  of  the  Belknap  fountains  ;  by 
L.  V.  PiRssoN  and  IL  8.  \^ashington. 

In  a  former  paper*  we  presented  the  results  of  our  studies 
in  the  iield  of  the  i^jneous  rock  masses  composing  the  Belknap 
Mts.  in  New  Hampshire,  and  in  the  present  one  we  purpose  to 
give  the  results  of  our  investigations  of  them  in  the  labora- 
tory by  microscopic  and  chemical  methods.  We  have  found 
that  the  following  rocks,  classified  both  in  the  quantitative 
and  in  the  older  systems,  are  present: 

Class  Order                              Bang 

Persalane  Britannare  Liparase 

Persalane  Britannare  Toscanase 

Persalane  Canadare  Pulaskase 

Dosalane  Germanare  Monzonase 

Salfemane  Gallare  Camptonase 

Snbrang  Older  System 

Liparose         (I.  4.1.3)  ApHte 

Lassenose      (I.  4.2.4)  Adamellite 

Pulaskose      (I.  5.2.3)  Syenite 

Akerose         (II.  5.2.4)  Spessartite 

Caniptonose  (III.  5.3.4)  Essexite  and  Camptonite 

These  will  be  described  in  the  above  order  and  the  article 
will  end  with  a  discussion  of  the  petrologic  history  and  of  tlie 
chemical  characters  of  the  district. 

Liparase.     Aplites, 

As  previously  stated  in  the  foregoing  geological  description 
of  the  district,  the  Belknap  massif  and  the  surrounding  rneta- 
morphic  rocks  are  cut  by  dikes  and  intrusions  of  fine-grained 
to  dense  granitic,  quartzose  rocks,  whose  general  characters 
place  them  under  this  rang.  In  Rosenbusch's  system  of  classi- 
fication they  would  be  aplites,  both  in  the  broader  and  in  the 
more  special  application  of  this  term.  A  similar  material 
serves  also  as  tlie  cement  of  the  brecciated  zone  on  Locke's 
Hill.  They  have  all  been  studied  in  thin  section,  but  for  pur- 
poses of  chemical  analysis  an  average  type  has  been  selected 
whose  description  follows  herewith. 

JBiotitic-grano- liparose  (aplite). 

Locality. — Dike  on  upper  southwest  slope  of  Mt.  Belknap. 
Megascopic.  —  Phanerocrystalline ;   fine-grained ;    flesh-col- 
ored ;  persalicand  dominantly  feldspathic  ;  faintly  dotted  with 

♦This  Jourual,  vol.  xx,  pp.  344-352,  1905. 
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gray  to  black  specks ;  apparently  eqnigranular  in  texture 
but  subporphyritic,  with  occasional  phenocrvsts  of  feldspar 
2-3""' ;  of  a  sugar  granular  habit ;  fracture  easy  and  brittle ; 
superficially  slightly  weathered. 

Mieroscopu). — Alkalic  feldspar  and  quartz  essential ;  biotite, 
iron  ore,  allanite  and  zircon  accessory. 

Alkalic  feldspars  consist  of  orthoclase  and  albite  in 
roughly  equidiraensional  anhedral  grains.  Some  albite-oligo- 
clase  noted,  subtabular  to  subprisniatic  in  form;  albite  and 
Carlsbad  twinning.  Phenocrystic  feldspars  roughly  equidimen- 
sional  or  cuboidal,  of  orthoclase  with  much  perthitic  inter- 
growth  of  soda-microcline  and  albite.  Quartz^  equidimensional, 
anhedral,  sometimes  micrographi.c  with  feldspar.  Quartz  and 
feldspar  of  ground  mass  average  0*5™".  Biotite  dark  brown, 
pleochroic,  tabular,  platy  and  in  shreds,  subhedral ;  about  0-2™'", 
thinly  scattered.     Hornblende  very  rare,  pleochroic,  dark  green 

I  II  111  IV  V  VI  \'7I 

SiO, 75-65  76-49  76-05  76*64      76-03  74-12  1-261 

A1,0, 12-89  11-89  11-68  13-50      11-76  12*39  -126 

Fe,0, 0-89  1-16  0-34  0-50        1-99  0-31  '006 

FeO Ill  1-56  1-05  n.d.         n.d.  0-21  -015 

MgO. 0-20  tr.  0-29  0  12         0-27  0-42  -005 

CaO 0-48  0-14  0-42  0-65         0-45  0-30  '009 

Nap 3-71  4-03  3*79  3*48        3-36  3-22  -060 

K,0 5-50  5-00  5-09  5-51         5*61  507  '059 

Hp   110° -f  0-15  0-12  1-36  n.d.         0-63  217        

HO   110°—  0-08  0-38  2-22        

TiO, 0-05           tr.  0-05  

PA     n-d -         ---- 

MnO "  tr tr 

ZrO ''         -42  


100-71     100-77     100-54     100-40     100-10    100*33 

I.  Biotitic-grano-liparose  (aplite) ;  dike  on  upper  southwest 
slope  of  Mt.  Helknap.     H.  S.  Washington  analyst. 

II.  liiebeckitc-phyro-liparose  (paisanite)  ;  Magnolia,  Mass. 
Washington,  Jour.  Geol.,  vii,  1H99,  p.  1 13. 

III.  Li  panose  (quart  z  porphyry)  ;  Dranimen,  Norway  ;  Lang, 
Kyt.  Maiif.  xxx,  j).  40,  1880  ;  P.  Jannasch  analyst. 

IV.  Lij>arose  (granitite)  ;  Arild,  Knllen,  Sweden  ;  A.  Hennig, 
Act.  Univ.  Lund,  xxxiv,  1898.     Ilennig  analyst. 

V.  Liparose  (cjuartz  porphyry)  ;  Thai,  Thtiringerwald,  Baden  ; 
K.  Futterer,  Mitth.  Bad.  Geol.  Ld.  Anst.  IL  p.  58,  1893. 

VI.  Li|)arose  (trachyte)  ;  Wantialable  Creek,  Gowen  Co.,  New 
South  Wales;  G.  W.  Card,  Rec.  Geol.  Surv.  N.  S.  W.,  iv,  p.  116, 
1805.     Min<;aye  analyst. 

VII.  Molecular  proportions  of  No.  1. 
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and  yellow,  in  shreds  or  anbedral  grains,  0*1  to  D'OS™"*.  Allan- 
ite  rather  rare,  strongly  pleochroic,  clear  dark  brown  and  orange 
yellow,  zonally  bniU ;  well  crystallized ;  about  0*1"" ;  com- 
monly attached  to  iron  ore  or  biotite.  Zircon  rare,  colorless, 
equinimensional  subhedral  grains,  about  0'2-0*l'"".  Iron  ore 
uncommon ;  anbedral ;  about  0*1"™.  Traces  of  chlorite  and 
kaolin.  Fabric  porphyritic,  but  not  markedly  so,  the  pheno- 
crysts  being  rare ;  remaining  grains  somewhat  grading  m  size 
but  t*mding  to  be  equidimensional  and  interlocked. 

Mode. — The  chemical  analysis  and  the  calculation  of  the 
norm  show  that  there  cannot  be  over  4  per  cent  of  iron  ores, 
biotite,  hornblende,  allanite,  zircon,  etc.,  present,  the  remain- 
der being  feldspars  and  quartz  in  the  proportions  indicated  in 
the  norm.     The  mode  is  therefore  normative. 

ChemicaZ  Cmn position, — This  is  shown  in  No.  1  of  the  table. 

For  the  sake  of  comparison  a  number  of  analyses  of  liparose 
from  other  localities  have  been  added  and  it  is  of  interest  to 
observe  how  these  almost  identical  magmas  under  varying 
physical  conditions  have  assumed  different  textures,  so  that 
under  systems  of  classification  where  texture  plays  an  impor- 
tant part  they  have  been  given  quite  different  names  and  are 
widely  separated  in  the  system.  They  are  all  magmas  of  alka- 
lic  nature,  as  will  be  shown  later. 

Norm  and  Classification. — By  using  the  molecular  ratios 
given  in  No.  VI  of  the  above  table  we  may  calculate  the 
norm  to  be  as  follows : 


Quartz 

31-02 

Orthoclase . . 

3280 

Albite   ..   .. 

31-44 

Anorthite  .. 

1-95 

Sal  97-2 

J.  Sal  =  97-21    ^  =  =29,1,    Persalane 

^  Fern  3-3  '    ' 

F        66-19       ^  ,    ^      „  . 

=     -       =2-1,4,     Britannare 
3 1  -02  '    ' 


Diopside  .. .  0-46  ^ 

Hypersthene  1  -46 

Magnetite  ..  1-39   r  Fem=  3-31 

Water,  etc..  0-28   j 

Total 100-80 


Q 

K,0'  +  Na,0'        119       _   ^    .. 

-  ■    Q^^.    -  -  =     7   =  ^h  1,  Liparase 


K  O'       69 


From  tlie  consideration  of  the  analysis  and  the  above  norm 
and  by  the  study  of  the  section  it  is  ejit?ily  seen  that  the  iron 
ore,  allanite  and  biotite,  are  present  in  negligible  amounts  and 
that,  as  previously  stated,  the  rock  has  a  normative  mode.  It 
is  therefore  normative  granophyro-liparose,  but  if  the  slightly 
porphyritic  nature  which  is  in  no  wise  characteristic  be 
neglected  and  the  small  amount  of  biotite  be  taken  into  con- 
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sideration  this  would  become  biotitic  grano-liparose.     In  the 
prevailing  tenninolofry  it  would  be  a  granite  aplite. 

Alkaltc  character  of  the  rock, — The  alkalie  nature  of  rocks, 
which,  like  this  one,  are  of  high  silica  content,  is  to  a  great 
extent  masked  by  the  large  dilution  with  silica.  In  a  general 
way  we  might  compare  magmas  to  mixed  solutions  of  salts  in 
water.  The  ratios  of  the  salts  or  the  oxides  which  compose 
them  and  which  give  the  mixture  its  general  chemical  ciiar- 
acter  remain  the  same  whether  the  compound  solution  be 
dilute  or  concentrated.  While  the  analogy  with  molten  mag- 
mas is  not  exact,  since  the  silica  plays  a  role  different  from 
water,  it  will  serve  in  a  general  way,  as  the  ratios  of  the 
metallic  oxides  are  a  very  characteristic  feature.  In  rocks 
containing  about  55  per  cent  of  silica,  the  expression  of  the 
alkalie  nature  becomes  most  evident,  so  that  m  speaking  of 
alkalic  rocks  petrographers  are  apt  to  have  in  mind  those 
which  contain  about  this  percentage  of  silica.  Yet  rocks  with 
high  silica  percentages  may  be  as  alkalic  relatively  to  the  other 
components  as  with  low.  This  may  be  illustrated  as  follows. 
Let  us  take  the  liparose  just  described  and  reduce  the  silica  to 


I. 

II. 

SiO, 

75-65 

5502 

Al,0. 

12-89 

23-14 

FeA 

0-89 

1-60 

Feb 

111 

1-99 

MgO 

0-20 

0-3G 

CaO 

0-48 

0-86 

Na,0 

3-71 

6-66 

K,0 

5-50 

9-87 

H,0 

0-23 

0-41 

TiO, 

0-05 

0-09 

la. 


Ila. 


Quartz 

Orthoclase 

31-02 
32-80 

5838 

Albite 

31-44 

419 

Nephelite 

Anorthite 

1-95 

2812 
3-89 

Diopside 

Hypersthene  . 
Olivine    

0*46 
1-46 

211 

Magnetite 

1-39 

2-32 

Water,  etc 

•28 

•62 

Total 100-71       100-00 


Total 100-80 


99-63 


55  per  cent,  or  in  other  words,  we  will  subtract  45  per  cent  of 
silica  from  the  magma,  leave  all  the  other  oxides  in  the  original 
proportions,  and  reduce  the  whole  to  100.  The  result  is  seen 
in  columns  I  and  II  of  the  above  table,  and  their  calculated 
norms,  or  those  minerals  whicli  they  would  naturally  form  if 
in  a  state  of  dry  fusion  without  the  aid  of  the  mineralizers  neces- 
sary to  condition  the  formation  of  such  alferric  minerals  as 
mica  and  hornblende,  are  seen  in  \a  and  Ila.  II  and  \\a 
show  the  chemical  and  mineral  composition  of  a  characteristic 
'*  foyaite,"  of  a  somewhat  potassic  character.  To  change  this 
to  tlie  granite  of  I  it  is  necessary  to  dilute  it  with  82  per  cent 
of  its  own  weight  of  silica,  a  figure  which  shows  the  great 
amount  of  dilution  the  alkalic  magmas  of  high  silica  content 
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suffer,  with  the  consequent  masking  in  large  degree  of  their 
true  character.  In  the  quantitative  ,  classification  this  is 
obviated  to  a  great  extent,  for  such  rocks  fall  in  peralkalic 
rangs,  which  fact  at  once  reveals  their  nature. 

At  first  thought  all  this  may  seem  merely  a  rather  forceful 
way  of  putting  well  known  facts,  but  the  application  of  it 
serves  to  bring  out  some  points  in  a  disputed  field.  In  the 
endeavor  to  use  the  genetic  relations  of  igneous  magmas  for 
purposes  of  classification,  it  is  often  implied,  if  not  expressly 
stated,  that  we  should  not  expect  to  find  strictly  alkalic  rocks 
ass<:)ciated  with  those  of  other  series,  with  the  granite-diorlte 
or  diorite-gabbro  families  of  Rosenbusch,  alkalicalcic  or  docalcic 
magmas  in  the  new  classification.  If  the  idea  of  alkalic  rocks 
is  however  broad  enough  to  include  ttiose  greatly  diluted  with 
silica  but  in  which  the  other  oxides  are  in  the  proper  propor- 
tions, as  it  rightftilly  should  be,  then  numerous  examples 
which  contradict  the  general  supposition  mentioned  immedi- 
ately come  to  mind.  Thus  in  the  Yellowstone  Park  region, 
as  shown  by  Iddings,*  the  main  lavas  extruded  have  been 
"rhyolites,  andesites  and  plagioclase  basalts,"  a  really  typical 
granito-diorite-gabbro  series.  An  examination  of  the  analyses 
of  these  lavasf  shows  that  many  of  the  rhyolites,  such  as  those 
of  Obsidian  Cliff,  are  of  highly  alkalic  nature,  belonging  in 
peralkalic  rangs  which  with  less  dilution  by  silica  would  have 
formed  trachytes  or  phonolites. 

lAparase, — The  type  just  described  was  selected  as  illustra- 
tive of  the  granitic  dikes  in  the  area.  There  is  some  variation 
among  them  in  texture,  but  so  far  as  one  can  tell  by  study  of 
the  sections  they  are  certainly  peralkalic  persalanes  and  appar- 
ently are  quardofelic.  They  fall  therefore  in  liparase  and 
judging  by  analogy  are  probably  sodipotassic  and  belong  in 
liparose.  This  last,  however,  could  not  be  definitely  determined 
without  making  chemical  analyses,  a  work  whose  results  would 
not  justify  the  time  and  labor.  A  few  words  may  be  added 
concerning  the  textural  variations  of  the  different  occurrences. 

GtmstocJc  DiJc4i, — The  summit  of  Mt.  Gunstock  is  cut  by  a  dike 
three  feet  wide  with  the  following  megascopic  characters  : 
phanerocrystalline ;  inequidimensional ;  Usually  porphyritic  with 
medium  phenocrysts ;  ])ale  flesh  color ;  phenocrysts  of  ortho- 
clase  2-5"",  ill  defined,  cuboidal  to  subtabular,  scattered  ; 
ffroundmass  fine-grained  1'"™  or  less,  dotted  with  minute  gray- 
olack  specks.  Under  the  microscope  the  minerals  are  the 
same  as  those  mentioned  in  the  type  described,  including 
allanite;  the  groundniass  is  similar  but  is  thickly  crowded  with 

♦Qnar.  Jour.  Geol.  Soc.,  vol.  liii,  1896,  pp.  606-617. 
fBuU.  U.  S.  Geol.  Snrv.,  228,  p.  120,  1904. 
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8ubhedi*al  phenocrysts  of  alkali  feldspar.     The  rock  is  grano- 
phyro-Hparase  or  quartz  syenite  porphyry. 

Belknap  Dikes  and  other  Occurences. — On  the  upper 
slopes  of  Mt.  Belknap  dikes  are  found  of  widths  varyin«^  from 
a  few  inches  to  twenty  feet,  of  branching  and  anastamosing 
character.  A  large  one,  20  feet  in  width,  occurs  on  the 
shoulder  of  the  west  spur  of  Mt.  Gunstock.  They  are  also 
found  as  narrow  dikelets  in  the  massive  rock  composing  the 
lower  west  slopes  of  Locke's  Hill.  They  are  flesh-colored  rocks, 
compact,  dense,  microcrystalline,  showing  occasional,  scat- 
tered phenocrysts  of  feldspar.  Under  the  microscope  they  are 
very  tine-grained  to  almost  crypto- crystal  line  mixtures  of 
quartz  and  alkali  feldspar.  In  those  where  the  grain  is  coarser 
shreds  of  biotite  appear.  ^  The  feldspar  phenocrysts  are  some- 
times of  oligoclase  but  mostly  alkalic  feldspar  and  offer 
nothing  of  especial  interest.  In  those  with  the  finest  grain 
the  material  is  apt  to  be  arranged  in  micropoikilitic  patches. 
They  are  too  tine  for  metric  analysis,  but  their  whole  char- 
acter and  relations  are  such  tliat  we  have  placed  them  provis- 
ionally under  liparase,  though  it  is  possible  that  sometimes 
they  are  quarfelic  instead  of  quardofelic  and  should  be  classed 
as  alaskase.  In  Rosenbusch's  system  they  would  probably  be 
termed  quartz-bostonites,  especially  if  their  relations  and  gen- 
etic associations  with  the  syenite  and  camptonite  be  taken 
into  account. 

Other  instances  are  found  in  dikes  cutting  outward  through 
the  enclosing  schists  at  the  west  foot  of  Mt.  Gunstock.  These 
are  fine-grained,  megascopically  even  granular  or  homometric 
rocks  of  pale  yellowish  to  flesh  color  whose  average  diameter 
of  grain  is  about  1""".  They  evidently  belong  under  this 
heading  and  no  further  description  of  them  is  necessary. 
In  the  older  systems  they  would  be  classed  as  fine-grained 
granites  or  aplites.  They  stand  in  evident  relation  with  the 
pegmatitic  masses  of  quartz  and  feldspar  found  in  the  schists  at 
the  head  of  the  (Tunstock  River. 

The  Breccia  Cement, — As  already  described  in  the  forego- 
ing part  on  geology,  there  is  on  the  lower  southwest  foot  of 
Locke's  Ilill  a  brecciated  mass  consisting  of  blocks  of  various 
cliaraetor  and  (►f  all  sizes  embedded  in  a  tine-grained  aplitic 
granite  intrusion.  The  study  of  a  number  of  sections  of  the 
latter  rock  shows  that  it  belongs  here  in  liparase.  It  is  com- 
posed of  alkalic  feldspar  and  of  quartz  with  occasional  larger 
phenocrystic  alkalic  feldspars,  which  are  mostly  alkalic  but 
sometimes  oliL^oelase.  Occasional  shreds  of  biotite,  grains  of 
iron  ore  and  zircon  occur. 

Tiie  rock  is  so  like  the  type  analyzed  and  described  and  the 
Gunstock  dike  that  it  must  be  considered  as  of  the  same  mag- 
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matic  character  and  probably  con temporaii eons  with  them,  as 
will  be  shown  later.  In  its  deficiency  of  plagioclase  feldspar 
it  is  unlike  the  aplitic  lassenose  (adamellite)  of  the  border 
facies  of  the  main  mass  next  described,  and  this  fact,  which  is 
of  importance,  will  be  discussed  later. 

Biotitic-granO'lassenose  {adamellite  aplite). 

As  previously  mentioned  in  the  geological  part  of  this  paper, 
the  Belknap  massif  of  grano-pulaskose  shows  on  nearly  all 
sides  a  marginal  facies  of  a  light-colored  granitic  rock  into 
which  it  gradually  passes.  Examples  of  this  from  various 
parts  of  the  area  have  been  studied  and  it  has  been  found  to  have 
on  the  whole  a  pretty  constant  composition  and  character.  Its 
geological  occurrence  and  relationships  have  been  described 
under  the  heading  of  the  contact  facies  of  fine-grained  granite^ 
using  the  latter  name  as  a  field  term. 

For  purposes  of  analysis,  detailed  microscopic  study  and 
description,  a  type  specimen  was  selected  from  the  south  end 
of  Piper  Mountain,  where  it  is  exposed  in  a  cliff  near  the 
high  road  running  through  the  notch  to  Young's  Pond. 

Megascopic. — rhanerocrystalline;  fine-grained;  light  brown- 
ish gray ;  dominantly  quartzo-feldspathic  but  dotted  with 
minute  specks  of  black  biotite  and  shining  white  muscovite ; 
of  an  even  granular  texture  with  sugar  granular  habit  and  feel ; 
distinctly  gneissoid  and  with  perceptible  eutaxitic  structure; 
of  an  easy  fracture  and  rather  friable. 

Microscopic, — Alkalic  feldspar,  andesine  and  quartz  essential, 
biotite  and  muscovite  accessory.  Essential  minerals  present 
in  approximately  equal  amounts.  Average  size  of  grain  0*2"'"' : 
occasional  individuals  much  larger  but  not  phenocrystic ;  some 
smaller.  Alkalic  feldspar^  OrAb,  equidimensional  anhedral. 
Andesine^  Ab,An„  equidimensional  anhedral  to  subtabular  or 
subprismatic ;  albite  twinning  common,  Carlsbad  not  common, 
pericline  rare.  Quartz  equidimensional  anhedral,  often  sphe- 
roidal. Biotite  brown  with  not  intense  pleochroism,  in  form 
tabular  to  scaly.     Muscovite  tabular  and  scaly. 

Mode. — For  the  determination  by  Kosiwal's  method  of  the 
relative  amounts  of  minerals  making  up  the  rock,  160  measure- 
ments were  made  in  a  distance  of  3000  units.  The  average 
size  of  grain  was  0'2""".  Reduced  from  volumes  to  percent- 
ages by  weight  this  gave : 

Quartz 33-50 

Orthoclase 3086 

Andesine  ( Ab.AnJ 3 1 -04 

Biotite 3-77 

Muscovite '83 


100-00 
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If  we  neglect  the  small  amount  of  K,0  which  .is  in  the 
micas  and  consider  all  of  the  lime  and  alkalies  shown  by  the 
analysis  as  in  feldspar,  the  total  weight  of  the  latter  thus  cal- 
culated would  be  60*15  per  cent  while  tlie  above  by  measure- 
ment gives  61*90  per  cent.  The  andesine  was  determined  as 
Al)jAn,  by  a  number  of  measurements.  If  we  take  the 
amount  oi  lime  shown  by  the  analysis  and  convert  it  into 
AbjAn,  it  gives  34*30  per  cent  and  the  amount  of  soda-ortho- 
clase  remaining  would  be  25*85,  which  is  not  a  bad  agreement 
with  that  obtained  from  the  measured  areas,  especially  if  one 
takes  into  account  the  fact  that  some  of  the  untwinned  areas 
of  andesine  are  liable  to  be  measured  as  orthoclase. 

Chemical  Composition, — This  is  shown  in  the  following 
analysis,  No.  1  of  the  table : 

I  II  III  IV  V 

SiO 69*76  69-70  6943  68*11  1-163 

A1,0, 18-22  18-72  15*74  15-80  -178 

Ft%0, 0*25  0*65  0*93  1*97  -002 

FeO 1-59  0-79  3*35  1-87  -022 

MirO 0-40  0-45  1-35  0-96  'OlO 

CaO 2*68  2-26  2-07  2*43  -048 

NaO 4-06  5*01  4*56  440  -066 

K^O 2-06  1-68  2*99  2*80  '022 

H,0  110°-|-  ...      0-50  0-71  -10  0-54            

H,OllO°—  ...     0*15  -16           

CO^ none  x=    -75  

TiO^ 0-36  .07  -005 

Total 100-03         99-96        10052         99-87 

I.  Biotitic  grano-lassenose  (granite-diorite-aplite?).  Southend 
of  Piper  Mt.,  Belknap  Mts.,  N.  H.     II.  S.  Washington  analyst. 

II.  Lassenose  (quartz  porphyry)  ;  Kawishiwi  River,  Minnesota 
(Grant,  An.  Hep.  Geol.  Nat.  His.  Surv.  Minn.,  p.  43,  1893).  A.  D. 
Meeds  analyst. 

III.  Lassenose  (andengranit) ;  Juncal  Valley,  Argentina  (Stelz- 
ner,  Btr.  Geol.  Arg.  Rep.  I,  p.  208,  1885).     II.  Schlapp  analyst. 

IV.  Lasscnosc  (granite)  ;  Mtlhlberg,  Odenwald,  Hesse  (Chelius, 
N.  J.  1884,  II,  p.  419,  X  =  P^O^  0-62  ;  SO,  0*13). 

V.  Molecular  ratios  of  No.  I. 

While  some  of  the  combined  water  shown  by  the  analysis  is 
of  course  in  the  micas,  the  amount  seems  too  large  for  the  per- 
centage of  these  minerals  present.  The  high  alumina,  wnich 
as  seen  in  the  calculation  of  the  norm  cannot  all  be  referred  to 
feldspar,  is  also  too  great  for  them  and  the  micas.  This  might 
indicate  some  kaolin,  but  the  rock  appears  remarkably  fresh 
under  the  microscope  and  kaolin  is  absent.  It  is  difficult  to 
know  to  what  to  attribute  the  high  alumina.     Nothing  seen  in 
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the  section  exactly  explains  it,  and  the  analyst  is  coniideiit  that 
it  is  not  to  be  attributed  to  admixture  of  magnesia. 

In  comparing  the  composition  of  this  rock  with  similar  ones, 
as  seen  in  the  table,  the  predominance  of  soda  over  potash, 
producing  as  it  does  an  amount  of  plagioclase  equal  to  the 
alkalic  feldspar,  causes  a  certain  diflSculty,  if  one  pays  atten- 
tion to  the  older  systems  of  classification.  This  may  be  seen 
by  referring  to  the  analyses  included  under  the  subrang  of 
lassenose  in  the  tables  of  analyses  recently  published  by  one  of 
us.*  One  sees  under  this  subrang,  which  includes  rocks  of  a 
similar  chemical  composition,  types  which  have  been  called 
granites,  syenites  and  quartz  diorites,  as  well  as  rhyolites, 
dacites,  andesites  and  trachytes,  indicating  the  middle  position 
whicii  such  a  magma  holds. 

Classijication, — In  the  quantitative  system  the  norm  of  the 
rock  calculated  from  the  molecular  ratios  is  as  follows : 


Qz... 

30-72 

Or... 

12-23 

Ab  .. 

34-58 

An  .. 

13-34 

Co... 

4-28 

Hy.. 

2-98 

Mt  .. 

•46 

11  ... 

-76 

H,0.. 

-65 

Total, 

100-00 

30-72 


60-15 


Sal         9515   ^22^^     Persal- 


^  95-15       ^'®n^  "^2^  ane,  1 

Q  _  30^  _  Britan- 

4-28  '  ^   ""  ^^'1^    ~         '       "^^^'  ^ 

K,0'  +  Na,0  _  88  _  Toscan- 

4-20         4-20  CaO"  "    "48"^'®'    are,  2 

K,0'         22  ^^    ^ 

Ka  O'  "  66  ~         '  Lassenose,  4 

Place  formula,  I,  4,  2,  4. 

The  extra  alumina  above  that  needed  to  produce  feldspars 
is  shown  above  by  the  production  of  4*28  per  cent  of  corundum 
among  the  normative  minerals.  Tiie  texture  is  granular,  the 
micas  are  not  present  in  notable  amount  and  the  mode  is  there- 
fore normative.  If  it  is  desired  to  note  the  small  amount  of 
biotite  present  the  rock  is  therefore  a  biotitic-gmno-lassenose. 

In  the  prevailing  qualitative  systems  it  is  somewhat  difficult 
to  place  this  rock.  It  is  a  marginal  facies  of  a  syenite  mass 
with  aplitic  habit  showing  some  fluidal  structure,  and  it 
stands  mineralogically  exactly  on  the  line  between  the  granite 
and  diorite  families.  If  we  determined  it  as  an  aplite  from, 
its  minerals  and  texture  and  used  Brogger's  dehnition  of 
the  raonzonite  family,  it  would  be  a  quartz  monzonite  aplite  or 
adamellite  aplite.f  Or  it  might  be  called  a  grano-diorite 
aplite,  using  grano-diorite,  as  many  have  done,  to  signify  a 
transition  rock  between  the  granite  and  diorite  families. 

•Chem.  Anal.  Ign.  Rocks,  U.  S.  Geol.  Snrv.,  Prof.  Paper  14,  1903,  p.  178. 
tBrogger,  Predazzo.  Vid.  Selsk.  Skrift.  M-N.  Kl.  1895,  No.  7,  p.  60. 
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Inclicsions  in  Lassenose, — In  the  border  facies  of  the  mass 
are  to  be  seen,  as  noted  by  Hitchcock,  dark  inclusions  or 
schlieren  of  variable  size.  Sometimes  these  are  an^alar  and  of 
definite  shape.  Under  the  microscope  they  show  the  char- 
acteristic minerals,  such  as  quartz,  brown  mica,  iron  ore,  etc., 
and  the  fabric  seen  in  certain  hornfels,  and  are  no  doubt  frag- 
ments of  schists,  etc.  caught  up  and  metamorphosed  by  the 
magma.  In  other  cases,  as  in  the  occurrences  on  the  slopes 
above  Point  Belknap,  they  may  have  no  definite  form  but  are 
streaks  and  smears  through  the  rock.  The  study  of  them  in 
thin  section  reveals  a  type  of  rock  closely  allied  to  monzonase, 
monzonites  in  the  current  nomenclature.  They  are  composed 
of  a  colorless  to  pale  green  pyroxene,  green  hornblende  and 
brown  biotite,  Iftbradorite  and  alkalic  feldspar  with  accessory 
iron  ore,  apatite,  etc.  The  labradorite  is  in  stout  laths  which 
serve  as  cores  for  irregular  ragged  masses  of  felds]>ar,  the 
plagioclase  core  passing  outwardly  into  alkalic  feldspar 
mantles.  Broad  areas  of  the  soda  orthoclase  also  occur  poikili- 
tically  enclosing  other  minerals.  The  amount  of  the  ferro- 
magnesian  minerals,  though  variable  from  place  to  place  in 
kind,  is  in  amount  nearly  equal  to  the  feldspathic.  The  masses 
in  fact  closely  recall  types  from  Monzoni  and  Yogo  Peak, 
Montana.  They  are  believed  to  be  of  magmatic  and  not  of 
foreign  origin,  and  the  study  of  the  brecciated  zone  on  the 
^west  side  of  Locke's  Hill,  as  described  elsewhere,  throws  light 
on  their  origin. 

HornhlendlC'granO'pulaskose  (si/en tie). 

This  is  by  far  the  most  important  rock  in  the  area  from  the 
geologic  point  of  view,  as  it  forms  the  major  part  of  the  great 
massif.  A  certain  type  of  it  appears  to  be  rather  uniform 
over  the  exposed  area,  although  minor  variations  which  will 
be  described  occur  from  place  to  place.  For  purposes  of 
chemical  and  microscopical  analysis  and  study  a  representative 
specimen  was  selected  from  a  ravine  on  the  west  slope  of  Mt. 
Belknap  about  a  third  of  the  way  from  Morrill's  farm  house 
to  the  top  of  the  peak. 

Megascopic,  —  Phanerocrystalline ;  medium  to  coarse- 
grained ;  pale  reddish,  white  to  gray  ;  dominantly  feldspathic 
but  sparsely  dotted  with  aiihedra  of  black  hornblende  and  of 
biotite;  of  a  granular  to  snbporpliyritic  fabric;  feldspars 
mostly  equidimensional,  occasionally  larger  than  the  average 
and  subtabiilar  to  prisnuitic;  fracture  rather  crumbly;  super- 
ficially somewhat  altered. 

Microscopic. — Alkalic  feldspar  and  hornblende  essential ; 
biotite,  iron  ore,  apatite,  oligoclase-andesine,  quartz  and  zircon 
accessory. 
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The  feldspars  consist  of  orthoclase  with  microperthite  inter- 
growths  of  soda  microcUne.  In  a  section  perpendicular  to  c 
and  nearly  parallel  to  h  (010),  oriented  by  the  good  cleavage 
of  c  (001)  and  rough  parting  parallel  to  m  (110)  and  by  the 
arrangements  of  inclusions  giving  the  direction  of  the  vertical 
axis  and  a  measured  angle  for  y8  of  64°,  the  main  feldspar 
extinguished  at  1^  from  the  trace  of  the  base  c,  that  of 
the  microperthite  intergrowths  at  11°  in  the  obtuse  angle  )8'. 
Thus  the  main  crystal  is  of  orthoclase,  the  intergrowths  of 
soda-microcline  (anorthoclase).  The  amount  of  these  inter- 
growths is  very  large,  indeed  in  most  cases  they  appear  to  be 
as  great  as,  or  even  greater  in  volume  than,  that  of  the  host 
crystal.  Sometimes  these  intergrowths  show  distinct  multiple 
twinning  and  the  optical  properties  prove  them  to  be  of  oligo- 
clase-andesine  (Ab,An,).  Feldspars  enclose  all  the  other 
minerals  save  quartz.  They  are  in  formless  masses,  at  times 
having  poor  tabular  development,  with  Carlsbad  twinning  com- 
mon. No  microcline  was  observed,  and  the  feldspars  are 
somewhat  kaolinized. 

The  hornblende  is  in  anhedral  masses,  at  times  poorly 
developed  as  short  columns.  Prismatic  cleavage  is  good.  It  is 
strongly  pleochroic:  c,  olive-green  to  deep  green;  b,  olive- 
brown  ;  a,  pale  brown ;  absorption  medium  strong,  c>b'>a. 
Angle  of  (?  on  c  =  18°-20°.  From  these  properties  it  is  prob- 
ably a  mixture  of  the  common  hornblende  and  barkevikite 
molecules.  It  rarely  contains  a  paler  green  core,  and  includes 
iron  ore,  zircon,  apatite  and  biotite.  In  some  places  it  is  alter- 
ing into  a  reddish  substance,  probably  gothite.  The  rock  at  the 
summit  of  Gunstock  contains  13*4  per  cent  of  hornblende ;  the 
type  analyzed  has  somewhat  less,  probably  not  over  8  per  cent. 

Biotite  is  quite  subordinate  in  amount,  while  in  other  varie- 
ties of  the  massif  it  becomes  more  abundant,  increasing  with 
the  amount  of  quartz,  and  in  the  marginal  facies,  which  are 
rich  in  the  latter  mineral,  it  entirely  replaces  hornblende.  It 
is  of  the  type  of  common  biotite,  brown,  strongly  pleochroic, 
with  inclusions  of  iron  ore,  apatite  and  zircon  and  with  pleo- 
chroic halos.  It  is  older  than  hornblende  and  automorphic 
against  it,  and  quite  unaltered.  Iron  ore  occurs  in  occasional 
scattered  grains.  Zircon  is  present  in  crystals  varying  from  exces- 
sively minute  microlites  to  some  of  good  size,  rather  common 
and  sowed  through  all  the  later  minerals.  It  is  well  crystallized 
with  VI  (110)  ana^  (HI)  well  developed.  Apatite  is  also  com- 
mon in  slender  microlites  and  larger  stout  prisms. 

Quartz  is  seen  in  very  small  amount  in  the  type  specimen  in 
small  xenomorpliic  masses,  serving  as  a  cement  between  the 
other  minerals.  It  is  too  rare  to  characterize  the  rock  as  quartz- 
bearing.  In  a  variety  on  the  top  of  the  hill  beside  the  road 
from  Gilford  to  West  Alton  it  is  entirely  lacking  in  two  thin 
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sections.     In  the   lassenose  marginal  facies  of  tlie  massif,  as 
noted  above,  it  becomes  quite  abundant. 

In  addition  to  the  above,  two  or  three  small  sections  of  an 
indeterminable  brown  mineral  were  noted.  It  is  strongly 
pleochroic,  varying  from  a  clear  chestnut  brown  to  practically 
opaque,  like  senigmatite.  The  refractive  index  is  about  that 
of  hornblende;  birefringence  not  high,  but  as  the  sections 
are  cut  nearly  perpendicular  to  an  optic  axis  whose  bar  crosses 
the  field,  in  conjunction  with  the  deep  absorption,  this  cannot 
be  well  told,  nor  can  any  other  optic  cnaracters  be  determined. 
The  bar  crosses  the  field  without  apparent  bending,  but  it  is 
not  certain  that  the  mineral  is  uniaxial.  The  color  is  unusual 
for  tourmaline,  the  absorption  too  strong  for  cassiterite;  if 
biaxial  the  color  and  absorption  much  deeper  than  ordinarily 
seen  in  allanite  and  much  like  that  of  aenigmatite,  but  the 
mineral  associations  scarcely  suggest  the  latter.  It  seems  most 
probable  that  it  is  an  unusually  deep-colored  allanite. 

Analyses  of  Pulaskose,  etc. 
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Total 99-79        100-47  9992       100-74       100-14 

I.  Pulaskose  (syenite).  West  slope  of  Mt.  Belknap,  N.  H. 
Washington  analyst. 

II.  Pulaskose  (pulaskite).  Fourehe  Mountain,  near  Little 
Hock,  Arkansas.  Washington  analyst  (Jour.  Geol.  ix,  1901,  p. 
609). 

III.  Pulaskose  (syenite).  Highwood  Peak,  Highwood  Mts., 
Montana.  Pirsson  and  Mitchell  analysts.  (This  Jour,  i,  1896,  p. 
295.) 

IV.  Phlegrose  (pulaskite).  Salem  Neck,  Essex  Co.,  Mass. 
Washington  analyst.     (Jour.  Geol.  vi,  1898,  p.  806.) 

V.  Nordraarkose  (nordmarkite).  Tonsenas,  near  Christiania, 
Norway.  G.  Forsberg  analyst.  (Brogger,  Zeitschr.  Kryst.  xvi, 
1890,  p.  54.) 

VI.  Molecular  ratios  of  No.  I. 
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Mode. — The  rock  is  too  coarse-grained  to  determine  the 
actual  mineral  composition  on  ordinary  sections  by  the  Kosiwal 
method  with  any  degree  of  accuracy,  but  from  measurements 
made  on  the  hand  specimen  with  a  millimeter  scale  it  appears 
that  about  10  per  cent  of  alferric  minerals,  chiefly  hornblende, 
are  present,  the  remainder  being  alkalic  feldspar  with  a  little 
quartz. 

Chemical  Composition. — The  analysis  of  the  specimen  gave 
the  result  shown  in  No.  I  of  the  foregoing  table : 

The  very  small  amount  of  water  yielded  in  the  analysis 
proves  that  the  rock  is  really  in  a  very  fresh  and  unaltered 
condition  and  that  the  pink  color  and  slight  staining  are  quite 
superficial. 

For  comparison  two  other  analyses  of  pulaskose  are  added, 
one  the  typical  rock  from  Arkansas  and  one  described  by  one 
of  us  from  Montana,  and  also  a  phlegrose  from  Massachusetts. 
In  some  ways  the  rock  is  closely  related  to  nordmarkose  from 
Norway  and  the  analyses  are  not  very  different.  The  greater 
amount  of  lime  in  the  Belknap  rock  throws  it  in  the  domalka- 
lic  rang  and  the  larger  relative  amount  of  potash  compared 
with  the  soda  into  the  sodipotassic  subrang,  nordmarkose  being 
peralkalic  and  dosodic. 

Classijication. — In  the  quantitative  system  the  norm  is  cal- 
culated to  be : 
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CaC  41  '    '  kase 

^/--7w  =  —  =  0-8,  3,  Pulaskose 
Na.O'       79  '    ' 
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Total 99-81 


From  this  table  and  from  what  has  been  stated  regarding 
the  fabric  and  component  minerals,  the  rock  should  be  termed 
a  normative-hornblendic  grano-pulaskose. 

The  lime-alumina  molecules  which  form  anoi-thite  in  the 
norm  are  divided  between  the  oligoclase-andesine  and  horn- 
blende of  the  mode,  but  the  latter  of  these  minerals  is  not 
f  resent  in  suflicient  amount  to  render  the  mode  abnormative. 
n  the  prevailing  qualitative  systems  the  rock  would  be  a 
typical  syenite  and  would  belong  to  the  Albany  type  of  Rosen- 
busch. 
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Variations  from  the  type. — The  rock  described  may  \ye 
assumed  to  be  about  the  average  of  the  Belknap  massif,  as  it 
agrees  with  the  microscopic  examination  of  most  of  the  speci- 
mens. Indeed  all  of  them  are  obviously  of  the  perfelic  order 
and  of  the  sodipotassic  subrang.  While  most  of  the  material 
undoubtedly  belongs  to  the  persalane  class  there  is  a  distinct 
tendency  in  some  to  be  dosalic,  through  increasing  content  in 
alferric  minerals.  Similarly  labradorite  appears  and  may  be 
present  in  variable  amount  so  that  the  rang  will  vary  from 
peralkalic  to  domalkalic,  the  latter  being  the  more  common  as 
m  the  type  specimen. 

In  order  to  test  the  amount  of  variation  which,  as  stated  in 
the  geologic  description,  appears  to  take  place  chiefly  as  the 
outer  border  is  approached,  the  mode  of  two  other  specimens 
was  determined  by  Rosiwal's  method  with  the  results  given 
below.  Of  these  No.  I  is  from  the  exposure  in  a  ravine  in  the 
little  drainage  on  the  south  west  side  of  Locke's  Hill  and  not 
far  from  the  contact.  No.  II  is  from  the  very  summit  of  Gun- 
stock  peak. 

Mode.  Chem.  composition.  Mol.  ratios. 
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From  this  No.  I  is  I,  4,  1,  3  =  liparose  and  No.  II  is  II,  5, 
1,  3,  =  ilmenose.  While  these  two  norms  are  not  entitled  to 
quite  the  weight  of  that  derived  from  the  chemical  analj'sis, 
yet,  as  the  modes  were  determined  on  sections  of  large  size 
(50x40"",  rock  surface)  and  from  a  verj  large  number  of 
measurements,  a  fair  degree  of  confidence  may  be  placed  in 
them.*  Suitable  compositions  were  assumed  for  the  horn- 
blende and  biotite  in  working  out  the  chemical  composition, 
and  since  their  amounts  are  not  large  the  error  in  this  direc- 
tion must  be  inconsiderable.  Assuming  this,  it  is  evident  that 
considerable  variation  exists  in  the  outer  exposed  portion  of 
the  Belknap  massif,  especially  in  regard  to  the  amount  of 
alferric  minerals,  determining  the  class,  the  amount  of  quartz 
determining  the  order,  and  that  of  lime  which  determines  the 
rang. 

It  is  to  be  noted  that  the  rock  from  Locke's  Hill  is  from 
near  the  contact,  and  on  this  account,  as  seen  in  its  high  silica 
content,  it  is  to  be  regarded  as  homologous  with  the  siliceous 
border  facies  which  has  been  already  mentioned  in  the  geo- 
logical description,  though  it  differs  from  this  texturally  in 
being  much  coarser-grained. 

On  the  other  hand,  the  rock  from  the  summit  of  Gunstock 
may  reasonably  be  supposed  to  represent  a*  more  central  part  of 
the  mass  of  magma  than  the  specimen  analyzed,  which  came 
from  a  spot  presumably  much  nearer  the  border.  There  is 
thus  a  successive  decrease  in  alferric  minerals  with  an  increase 
in  quartz  from  center  to  circumference.  This  is  more  fully 
treated  in  another  place. 

In  a  specimen  from  the  top  of  Piper  Mountain  which  is 
megascopically  similar  to  that  from  Gunstock,  the  section 
showed  the  presence  of  a  colorless  diopside  associated  with 
the  hornblende  and  more  or  less  intergrown  with  it.  Some 
oligoclase  also  appears  and  these  minerals,  as  will  be  shown 
later,  point  to  a  small  increase  in  lime  in  the  massif  towards 
the  south  end.  Otherwise  the  rock  is  similar  to  that  from  the 
summit  of  Gunstock. 

Hornblende'  trachi-akerose  {spessartite). 

As  previously  stated,  the  brecciated  intrusive  zone  at  the 
west  foot  of  Locke's  Hill  contains  in  an  aplitic  liparase  cement 
blocks  of  various  rocks  brought  up  by  the  ascending  magma. 
Some  of  these  are  clearly  masses  of  the  gneisses  and  schists, 
some  are  of  the  Gilfordal  camptonose  (essexite),  while  some 
are  of  a  dense  lamprophyric  type.  It  was  thought  that  a  detailed 
study  of  one  of  these  latter  would  be  of  interest  and  might 

*  It  is  probable  that  the  orthoclase  is  somewhat  sodic,  so  that  the  KaO  is 
rather  too  high  and  the  Na^O  too  low,  bat  to  what  extent  is  uncertain. 
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shed  Bome  light  on  the  sequence  of  magmatie  eruptions  in  the 
area,  and  a  specimen  was  selected  from  a  large  angular  block 
several  feet  in  diameter  embedded  in  the  liparase. 

Megascopic,  —  Phanerocrystalline ;  fine-grained,  too  dense 
for  the  individual  minerals  to  be  recognized  but  perceptibly 
granular ;  very  dark  stone  gray,  almost  black ;  tough  with 
hackly  fracture.  Rare,  very  inconspicuous,  equidimensional, 
dull  hornblende  phenocrysts  0*5-l*0""^.  Speckled  here  and 
there  with  small  grains,  streaks  and  minute  veinlets  of  pink 
feldspar  and  quartz,  the  grains  sometimes  2-3""  with  feldspar 
cleavage  and  of  ragged,  broken  or  irregular  contours,  evidently 
included  or  injected  material  and  not  normal  phenocrysts. 

Microscopic, — The  section  shows  iron  ore,  apatite,  horn- 
blende, plagioclase,  alkalic  feldspar  and  quartz. 

The  iron  ore  occurs  in  two  forms  ;  as  scattered  grains,  some- 
what rounded,  about  0'02-0*05"",  and  as  minute  spheres, 
ovoids  and  rods  about  OOOl"*",  sprinkled  through  all  the 
minerals  and  especially  the  feldspar,  where  they  are  often 
aligned  into  small  systems.  They  distinctly  suggested  the 
iron  ores  seen  in  contact  hornstones. 

Apatite  occurs  in  excessively  minute  needles  in  the  feldspars. 
Hornblende  is  of  a  green  color,  strongly  pleochroic  into  tones 
of  pale  yellow ;  it  includes  occasional  grains  of  iron  ore  and 
some  pieces  have  the  central  part  blackened  by  separated  iron 
ore  dust  and  needles  much  like  those  which  in  lavas  have 
suffered  partial  resorption.  It  is  in  irregular  forms  with  a 
tendency  to  columnar  development.  Occasional  flakes  of 
biotite  are  sometimes  associated  with  it. 

The  plagioclase  is  zonal ly  developed  with  the  customary 
more  calcic  cores  and  passing  to  alkalic  feldspar  mantles.  It 
shows  both  albite  and  Carlsbad  twinning,  but  much  is  un- 
twinned  and  distinguished  from  alkalic  feldspar  only  by  its 
zonal  development.  The  cores  are  of  labradorite,  the  outer 
portion  passing  into  andesine.  It  has  a  somewhat  columnar 
development  parallel  to  the  a  axis,  but  like  the  hornblende 
the  boundaries  are  irregular. 

Tlie  alkalic  feldspars  are  similar  in  form  to  the  plagioclase 
and  are  not  always  easily  distinguised  from  them  when 
untwinned.  From  the  analysis  it  must  be  concluded  that  they 
are  very  rich  in  soda. 

The  small  spots  and  streaks  mentioned  above  are  irregular 
fragments  of  alkalic,  rarely  plagioclase  feldspar,  often  much 
filled  with  sericitic  muscovite  sometimes  accompanied  by 
quartz.  They  are  clearly  exotic,  included  or  injected  material, 
and  do  not  belong  to  the  rock  proper. 

Mineral  Composition  or  Mode, — By  Rosiwal's  method  the 
rock  was  measured  and  calculated  to  nave  the  following  com- 
position : 
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Alkalic  feldspar 20-0 

Plagioclase  feldspar 27*2 

Hornblende   36-3 

Biotite   0-9 

Iron  ore 14-R 

Apatite r7 


Total 


99-9 


In  obtaining  this  a  part  of  the  rock  was  selected  free  from 
inclusions  to  give  the  normal  composition.  On  account  of  their 
characters  the  feldspars  could  not  be  accurately  discriminated 
and  the  two  were  measured  together  and  their  relative  amounts 
then  estimated,  the  result  being  checked  by  the  alkalies  shown 
in  the  analysis.  Thus  while  their  total  amount  relative  to  the 
other  minerals  is  nearly  correct,  their  proportions  to  each 
other  are  only  approximate.  The  small  grains  of  iron  ore  in 
the  feldspars  could  not  be  measured  and  a  small  amount  was 
deducted  for  them  and  added  to  the  measured  ore  areas.  The 
apatite  also  could  not  be  measured  but  is  obtained  from  the 


I. 

II. 

III. 

IV. 

SiO, 

52-95 

50-97 

52-85 

•883 

Al.O. 

14-96 
2-44 

15-56 
4-43 

13-25 
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•147 
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FeO. 

-015 
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7-03 
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•097 

MgO 
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CaO 
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7-05 
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•121 

NaO 

4-95 

5-04 
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•080 

KO 
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•017 
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-005 
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0-02 



« . «» « 

» . » » 

MnO 

trace 

0-38 

•  •  •  • 
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0-00 







Total 

100-16 

100-74 

100-41 

I.  Hornblende-akerose  (spessartite).  Belknap  Mts.,  N.  H. 
Washington  analyst. 

IL  Augite-andose  (ausite  kersantite).  Cordillera  de  Dona 
Ana,  Coquimbo,  Chile.  (F.  v.  Wolff,  Zeitschr.  d.  deut.  Geol.  Ges., 
li,  1899,  629)  ;  Soenderop  analyst. 

in.  Hyperstbene-kilauose  (basalt).  Cerro  San  Miguel,  Puebla, 
Mexico.  (Felix  and  Lenk,  Beitr.  Geol.  Mex.,  ii,  1899,  p.  215). 
Hoppe  analyst. 

1 V .  Molecular  ratios  of  No.  I. 
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PjO.  of  the  analysis.     With  these  corrections  the  composition 
is  as  stated  above  and  it  must  be  reasonably  correct. 

Chemical  Composition, — This  is  shown  in  the  analysis  given 
below  and  it  will  be  seen  that  the  rock  has  the  usual  charac- 
ters of  a  lamprophyre.  The  most  notel)le  feature  is  the  pre- 
dominance of  soda  over  potash.  The  rock  most  nearly  related 
to  this  one,  both  in  magma  composition  and  in  geologic  occur- 
rence, of  which  we  have  found  an  account  in  the  literature,  is 
one  from  Chile  given  in  No.  II,  while  another  of  similar 
composition  from  Mexico  is  given  in  III.  It  should  be 
remarked  here  that  the  analysis  (I)  probably  does  not  repre- 
sent quite  accurately  the  composition  of  the  pure  normal  rock, 
since  the  small  included  fragments  of  feldspar  and  quartz  pre- 
viously mentioned  were  unavoidably  present  to  a  limited 
extent.  Their  influence  must  be  very  minu4:e,  but  the  silica, 
alumina  and  alkalies  are  a  trifle  too  high  on  that  account. 

Texture, — The  average  grain  of  the  rock  is  about  005"" 
and  the  hornblendes  and  feldspars  approximate  quite  closely 
to  this  and  do  not  varv  much  in  size.  The  fabric  is  that  com- 
monly  seen  in  rocks  of  lamprophyric  character,  and  which 
Kosenbusch  has  designated  as  " pan idiomorphic  granular"  in 
which  the  constituents  appear  of  equal  age,  interlock  with 
one  another  and  yet  have  a  distinct  tendency  to  a  columnar 
form.  This  fabric,  however,  is  not  clean  cut  and  clear,  as  one 
often  sees  it,  for  the  hornblendes  are  somewhat  rounded,  as 
are  the  ore  grains,  and  the  feldspars  are  irregular  in  outline 
and  everywhere  dotted  with  the  little  spheroids  and  rods  of 
iron  ore.  Thus  in  plain  light  there  is  a  distinct  impression  of 
the  hornfels  fabric  wnth  its  rounded  grains  and  dots,  but  when 
the  nicols  are  crossed  this  disappears  and  the  normal  fabric  is 
revealed.  This  is  of  interest  because  it  shows  that  the  original 
fabric  has  been  affected  to  some  extent  by  the  immersion  of 
the  blocks  in  the  liparase  magma,  and  further  evidence  is  seen 
in  the  separation  ot  the  iron  ore  in  the  hornblendes  and  in  the 
sericitie  mica  in  the  large  feldspare  previously  described. 

Classification. — In  the  quantitative  system  the  calculation 
of  the  norm  of  the  rock  and  its  position  are  given  below. 
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The  texture  cannot  be  very  well  described  in  one  word ;  it 
approaches  roughly  to  the  trachytic ;  but  is  not  porphyritic. 
The  mode  on  account  of  the  large  amount  of  hornblende  is 
abnormative  and  thus  the  rock  is  a  hornblende-trachi-akerose. 

In  Rosenbusch's  system  of  classification  the  rock  belongs 
in  the  vogesite-odinite  series  of  lamprophyres  and  corresponds 
in  general  with  the  spessartite  of  this  group;  the  hornblende 
is,  however,  not  brown  but  common  green  and  the  considerable 
quantity  of  alkalic  feldspar  shows  relations  to  the  vogesites  in 
which  this  mineral  dominates  the  plagioclase  feldspars. 

Mt,  Belhnap  Dike, — A  rock  wnicli  is  practically  the  same 
as  that  just  described  forms  a  dike,  six  feet  in  width,  which 
cuts  the  top  of  Mt.  Belknap  with  an  east  and  west  trend.  It 
differs  in  that  it  contains  numerous  phenocrysts  of  labradorite 
with  tabular  development,  0-5^'"  long  by  0*1'""  broad  on  the 
average,  which  are  quite  thickly  sprinkled  through  the  dark 
gray  groundmass.  xlie  latter  in  thin  section  is  similar  to  the 
type  just  described,  without  however  the  suggestion  of  the 
horn f els  texture. 

It  may  be  also  noted  here  that  the  above  rocks  mineralogi- 
cally  are  quite  similar  to  certain  facies  of  the  grano-camptonose 
(essexite)  mass  in  which  the  latter  passes  locally  into  a  monzo- 
nose  (monzonite)  phase.  They  differ  of  course  texturally  and 
they  do  not  contain  so  much  biotite,  but  the  relation  is  a  sig- 
nificant one  for  the  explanation  of  tlie  origin  of  these  dikes,  as 
will  be  mentioned  later. 

[To  be  continued.] 
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SCIENTIFIC    INTELLIGENCE. 
I.    Chemistry  and  Physics. 

1.  TTie  Preparation  of  Pure  JEthyl  Alcohol  and  Some  of  its 
Properties, — Since  commercial  absolute  alcohol  contains  one  or 
two  per  cent  of  water,  and  is  osoallj  contaminated  also  with  alde- 
hyde, L.  W.  WiNKLBR  has  worked  out  a  method  for  purifying  it, 
and  has  incidentally  determined  the  specific  gravity  and  boiling 
point  of  the  pure  substance.  The  aldehyde  is  first  removed  by 
adding  very  finely  divided  silver  oxide  and  allowing  it  to  act  for 
several  days  with  frequent  shaking  at  ordinary  temperature.  At 
the  same  time,  a  little  caustic  alkali  is  adde<l  to  combine  with 
the  acetic  acid  produced  by  the  oxidation  of  the  aldehyde.  For 
dehydration,  metallic  calcium  in  the  form  of  filings  is  used.  An 
amount  of  this  metal  corresponding  to  about  two  per  cent  of  the 
alcohol  is  added  in  the  distilling  fiask,  and  a  gentle  heat  is 
applied,  so  that  little  alcohol  distils  over,  until  the  evolution  of 
hvdrogen  is  slight.  Distillation  then  gives  a  product  containing 
aoout  99*9  per  cent  of  alcohol,  and  this  when  redistilled  with 
about  one-half  per  cent  of  calcium  gives  alcohol  which  is 
unchanged  in  specific  gravity  by  further  treatment.  It  is 
important  that  a  small  portion  of  each  distillate  coming  over  at 
first  should  be  discarded.  Specific  gravity  determinations  of 
alcohol  purified  in  this  way  gave  results  practically  identical  with 
those  of  Mendele^ff  between  0°  and  15®,  but  between  15®  and  30° 
they  were  slightly  lower  than  Mendele6fr8.  The  results  gave  the 
following  formula  based  upon  weights  in  vacuo  and  water  at  4® : 

Sp.  gr.  0  — 30®  =  -80629  — -000838^  — -OOOOOOi^'. 

The  boiling  point  was  found  to  be  78-37®  at  760™"  and  77*69®  at 
740"™,  the  variation  for  l""  being  -034®. — Berichte^  xxxviii, 
3612.  H.  Im  w. 

2.  Double  Salts  of  Mercuric  Chloride  with  the  Alkali  Chlor- 
ides.— In  continuation  of  similar  work  previously  carried  out  in 
the  Sheffield  Laboratory  by  Professor  H.  W.  Foote,  Footk  and 
Levy  have  studied  the  sodium-mercuric,  potassium-mercuric  and 
rubidium-mercuric  chlorides  by  the  solubility  method,  which 
shows  very  precisely  and  conveniently  all  the  double  salts  that 
are  formed  at  a  given  temperature.  The  results  show  that  only 
one  sodium  salt,  NaCl.H2:CL.2H,0  is  formed  at  25®  and  at  10^ 
Three  potassium  salts,  all  of  which  had  been  described  by  Bons- 
dorf,  were  found  : 

2KC1.  HgCl,.  H,0 
KCl.  HgCl,.  H,0 
KC1.2HgCl,.2H,0 

Five  different  rubidium  compounds  were  prepared,  none  of 
which  corresponded  to  three  supposed  salts  previously  described 
by  Godeffroy.     They  have  the  following  formulte  : 
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2RbCl.  HgCl,.  H,0 
3RbCl2lIgCl,.2H,0 

RbCl.  HgCl,.  H,0 
3RbC1.4HgCl,.  H,0 

RbC1.5HgCI,. 

It  is  interesting  to  observe  that  only  the  last  member  of  this 
series  corresponds  to  one  of  the  five  csesiam-mercuric  chlorides 
that  exist,  viz. : 

3C8C1.  HgCI, 
2C8C1.  HgCI,    , 
CsCl.  HgCl, 
CsC1.2HgCl, 
CsCl.sHgCl,. 

There  are  two  corresponding  salts  in  the  potassium  and  rubidium 
series,  but  the  slight  analogy  existing  between  double  salts  of 
such  closely  related  metals  as  caesium  and  rubidium  is* remarkable. 
— Amer,  Cjhem.  Jour,^  xxxv,  236.  h.  l.  w. 

3.  The  Atomic  Weight  of  Tantalum. — The  accepted  atomic 
weight  of  this  element,  183,  depends  solely  upon  Marignac's 
results  obtained  in  1865  by  analyses  of  the  compound  K,TaF,. 
Since  these  results  are  subject  to  some  uncertainty  from  various 
causes,  Hinbichsbn  and  Sahlbom  have  made  some  new  determi- 
nations of  this  atomic  weight.  They  were  unable  to  obtain  con- 
cordant results  by  the  method  of  Marignac,  but  they  had, 
apparently,  better  success  by  determining  the  weight  of  Ta,0^ 
produced  by  heating  the  metal  in  oxygen.  The  metal  was 
obtained  from  Siemens  and  Halske,  who  now  prepare  it  for  com- 
mercial purposes,  and  no  impurities  could  be  found  in  the  mate- 
rial used.  The  results  of  five  determinations  made  in  this  way 
indicate  an  atomic  weight  of  181,  which  is  two  units  lower  than 
the  accepted  one.  The  results  varied* from  180-69  to  181*77.  It 
may  be  mentioned  that  this  atomic  weight  adapts  itself  to  Men- 
dele^flTs  periodic  system  somewhat  better  than  the  old  one,  since 
it  is  three  units  lower  than  tungsten,  184. — Berichte,  xxxix,  2600. 

H.  L.  W. 

4.  The  Isomorphism  of  Northupite  and  Tychite, — The  octa- 
hedral mineral  tychite,  2MgCO,.2Na,CO,.Na,SO„  was  described 
by  Penfield  and  Jamieson  in  this  Journal  of  September,  1905, 
having  been  found  among  exactly  similar  crystals  of  northupite, 
2MgCO,.2Na,CO,.2NaCl,  from  Borax  Lake  in  California.  In  con- 
nection with  the  description  of  tychite,  its  artificial  preparation 
was  also  carried  out.  A.  de  Schulten,  who  had  previously  pre- 
pared northupite  artificially,  has  now  succeeded  in  making  crops 
of  crystals  which  appear  to  contain  both  chloride  and  sulphate  in 
the  same  individuals,  thus  indicating  that  the  two  compounds  are 
perfectly  isomorphous.  He  finds  that  the  tychite  is  much  more 
stable  than  the  northupite. —  Comptes  Bendus,  clxiii,  403. 

H.  L.  w. 
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5.  Separation  of  Antimony  and  Tin,  —  A  new  method  for 
this  somewhat  difficult  separation  is  given  by  A.  Czerwek.  It 
depends  upon  obtaining  a  solution  in  nitric  and  tartaric  acids, 
heating  to  boiling  and  adding^  phosphoric  acid,  whereby  the  tin 
is  corai»letely  precipitated.  The  precipitate,  after  being  washed 
with  water  containing  ammonium  nitrate,  is  dissolved  in  ammo- 
nium sulphide,  and  the  tin  is  precipitated  and  determined  in  the 
usual  manner.  The  antimony  and  other  metals  that  the  filtrate 
may  contain  must  also  be  precipitated  as  sulphides  in  order  to 
separate  them  from  the  phosphoric  acid  present.  Satisfactory 
results  are  given  in  a  number  of  test  analyses. — Zeitschr,  Analyt, 
Chem.,  xlv,  505.  h.  l.  w. 

0.  Lehrbuch  der  Allgenieinen  Chemie  ;  by  Dr.  W.  Ostwald. 
Volume  II,  Part  III. — The  third  part  of  Volume  II  of  the  Lehr- 
buch has  appeared  in  sections,  and  we  have  just  received  the  first 
part  of  the  second  section.  The  book  is  so  divided  into  volumes 
and  parts  aftd  sections  that  il  is  a  little  confusing  in  this  respect. 
The  work  is  so  well  known  to  students  of  general  chemistry  that 
it  is  unnecessary  to  speak  of  it  as  a  whole.  The  part  which  has 
iust  been  issued  covers  solid  solutions  more  fully  than  this  has 
been  done  before  and  begins  the  chapter  on  adsorption. 

H.  w.  F. 

7.  Radio-activity.  —  The  literature  of  this  subject  increases 
very  rapidly.  Apart  from  the  numerous  observations  on  the 
various  forms  of  radio-active  substances  and  their  multifarious 
manifestations,  there  are  certain  aspects  of  radio-activity  which 
have  a  broad  bearing  upon  the  constitution  of  the  sun  and  the 
radio-active  constitution  of  this  earth  and  its  atmosphere.  A 
recent  paper  on  the  radio-activity  of  the  ashes  and  lava  thrown 
up  by  the  late  eruption  of  Vesuvius  (August  Becker,  Ann.  der 
Physik,  No.  8,  1906)  is  of  much  interest.  Since  it  has  been 
shown  by  various  observers  that  radio-activity  is  widely  present 
in  the  earth's  crust,  the  question  has  arisen,  whether  it  would  not 
be  possible  to  connect  the  phenomena  of  radio-activity  with  the 
earth's  temperature  ?  Under  the  assumption  of  a  mean  value  of 
0-006  for  the  heat  conduction  of  the  earth's  crust,  and  a  tem- 
perature fall  of  1°  C.  for  30  meters,  Liebenow  estimates  the 
quantity  of  radium  per  cubic  meter  evenly  distributed,  which 
would  give  the  observed  heat  as  approximately  2X  l^-'g-  Since 
the  quantity  of  radium  observed  is  1000  times  this,  we  mast  con- 
clude that  the  heat  production  diminishes  rapidly  as  we  recede 
from  the  crust  and  that  at  great  depths  there  cannot  be  radio- 
active substances.  Strutt  corroborates  the  results  of  Liebe- 
now and  concludes  that  at  a  depth  of  75^™  radio-activity  fails. 
Becker,  therefore,  submitted  to  test  the  ashes  and  lava  of  the 
eruption  of  Vesuvius,  and  corroborates  in  general  the  observa- 
tions and  conclusions  of  Strutt,  pointing  out,  however,  that 
we  are  unable  to  estimate  conditions  of  pressure  and  tempera- 
ture at  the  depth  from  which  the  lava  and  ashes  came,  presum- 
ably 30^"\ 
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Professor  E,  Rutherford,  in  the  Philosophical  Magazine  for 
August,  1906,  has  an  article  on  the  "Retardation  of  the a-particle 
from  Radium  in  passing  through  Matter."  "  The  photographic 
effect  of  the  a-particles  toward  the  end  of  their  path  in  air 
decreases  far  more  rapidly  than  the  kinetic  energy  of  the  a-parti- 
cles themselves.     It  is  possible  to  determine  with  accuracy  the 

value  for  the  a-particles  emitted  by  radium,  radium  A,  and 

radium  F  by  measurements  of  the  retardation  of  the  a-particles  of 
the  single  product  radium  C  in  passing  through  matter.  Such  a 
result  affords  an  almost  certain  proof  that  the  value  of  e  j  ni  is 
the  same  for  the  a-particles  expelled  from  each  of  these  products." 
The  same  author  discusses  the  intensity  of  radiation  from  radio- 
active sources,  and  contrasts  the  photographic  effect  of  radium 
emanations  through  apertures  of  various  forms  with  the  radiation 
of  the  sun.  In  the  case  of  the  latter,  Lambert's  law  of  cosines 
applies  ;  that  is,  the  intensity  of  radiation  from  any  point  varies 
as  the  cosine  of  the  anirle  between  the  normal  and  the  direction 
of  the  emitted  light.  This  law  does  not  apply  to  a  thin  layer  of 
radio-active  substance.  Hence  we  find  great  inequalities  in  the 
distribution  of  the  photographic  effects.  A  number  of  photo- 
graphs accompany  the  paper  (Phil.  Mag.,  August,  1906). 

The  September  number  of  the  same  journal  contains  an  article 
by  M.  Levin,  **  On  the  Origin  of  the  )8-rays  emitted  by  Thorium 
and  Actinium."  M.  Levin  has  been  working  with  Professor 
Rutherford.  It  was  found  that  actinium  by  itself  is  a  raylcss 
substance.  A  remarkable  similarity  was  found  to  exist  between 
the  modes  of  transformation  of  thorium  and  actinium.  The 
same  journal  contains  a  paper  "  On  the  Radioactive  Matter  in 
the  Earth  and  the  Atmosphere,"  by  A.  S.  Eve,  communicated  by 
Professor  Rutherford.  The  author  believes  that  emanation  exists 
in  the  atmosphere,  but  thinks  that  more  experimental  work  must 
be  done  before  any  exact  value  can  be  assigned  to  the  number  of 
ions  produced. 

"  About  I'SXlO"'^  grams  of  radium  bromide  is  the  estimated 
equivalent  of  the  active  matter  per  c.c.  present  in  the  earth's 
crust  sufficient  to  account  for  the  penetrating  radiation.  This 
appears  to  be  about  four  times  as  large  as  the  average  amount 
found  by  Strutt  by  direct  observation  of  rock  specimens.  The 
ionization  of  the  atmosphere  is  due  partly  to  penetrating  radia- 
tion from  the  active  matter  in  the  earth,  partly  to  a-radiation 
from  the  emanation  in  the  atmosphere."  j.  t. 

8.  Velocity  of  X-llays.  —  E.  Marx  describes  minutely  his 
investigation  of  this  velocity.  The  method  depends  primarily 
upon  the  property  which  the  X-rays  possess  of  ionization  of  a 
gas.  Electric  waves  were  produced  along  parallel  wires  accord- 
ing to  Lecher's  system.  The  velocity  of  these  waves  was  assumed 
to  be  the  same  as  the  velocity  of  light.  A  Rontgen  tube  was, 
therefore,  so  connected  with  the  Lecher  system,  that  the  differ- 
ences of  potential  due  to  the  presence  of  nodes  or  ventral  seg- 
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mento  of  the  electrical  waves,  infloeDced  the  emanation  of  the 
X-rays.  The  rays  from  such  a  X-ray  tube  proceeding  through  an 
aluminium  window  struck  an  electrode  contained  in  a  Faraday 
cylinder  ;  this  electrode  was  connected  with  an  electrometer. 
Changes  in  wave  length  were  produced  by  moving  a  bridge  on 
the  two  wires  of  the  Lecher  system.  The  X-rav  tube  was 
moved  to  and  fro  until  maximum  effects  of  ionization  were  pro- 
duced in  the  receiving  tube.  These  efforts  produced  correspond- 
ing deflections  of  the  electrometer.  The  relation  of  the  doubled 
displacement  of  the  bridge  in  the  Lecher  system  to  the  displace- 
ment of  the  X-ray  tube  gave  the  ratio  of  the  velocity  of  light 
to  the  velocity  of  the  X-rays.  The  ratios  differ  only  one-half 
per  cent  from  the  value  of  light. — Ann,  der  PhysUcy  No.  9, 1906, 
pp.  677-722.  J.  T. 

9.  Formation  of  Ozone  from  Oxygen  and  Atmoipherie  Air 
by  Silent  Discharges  of  Electricity. — E.  Wabbcrq  and  G.  Lkit- 
HAUSEB  state  that  silent  discharges  between  small  spheres  are 
necessary  for  the  formation  of  ozone  from  atmospheric  air.  A 
number  of  tables  are  given  of  the  output,  in  the  case  of  spheres, 
charged  in  one  case  positively  and  in  another  case  negatively. 
The  results  are  plotted  and  appear  in  the  form  of  straight  lines. — 
Ann,  der  Physik^  No.  9,  1906,  pp.  734-742.  j.  t. 

10.  Oxidization  of  Nitrogen  by  Silent  Discharges  in  Atmo- 
spheric Air. — E.  Warburg  and  G.  Leithausbr  show  that : 

(1)  Nitrose  gases  in  the  presence  of  ozone  are  easily  absorbed 
by  dilute  soda  lye. 

(2)  With  silent  brush  discbarges  from  the  positive  terminal 
sphere  in  atmospheric  air,  at  the  room  temperature,  independ- 
ently of  the  moisture  of  the  air,  10  liters  of  NO  is  oxidized  by 
an  ampere  hour. 

(3)  The  oxidized  quantity  of  nitrogen  mixture  increases  with 
increasing  temperature  and  then  decreases  with  the  formation  of 
the  ozone. 

(4)  A  quantity  of  N,0„  indicating  P«  NO  in  1500*^  lessens 
the  formation  of  ozone  when  the  silent  discharge  occurs  in 
atmospheric  air. — Ann.  der  Physik,  No.  9,  1906,  pp.  743-750. 

J.  T. 

11.  Influence  of  Moisture  and  Temperature  on  the  Ozonizing 
of  Oxygen  and  of  Atmospheric  Air. — E.  Warburg  and  G. 
Lbituauser  show  that  with  a  silent  discharge,  moisture  effects 
the  ozonization  more  in  the  case  of  air  than  with  oxygen,  and 
that  a  rise  of  temperature  to  80°  and  constant  pressure,  pro- 
duces little  effect  in  the  case  of  both  oxygen  and  atmospheric 
air. — Ann.  der  Physik^  No.  9,  1906,  pp.  751-768.  j.  t. 
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II.     Geology   and   Mineralogy. 

1.  The  Tenth  International  Geological  Congress  at  Mexico 
City, — The  Congress  began  its  sessions  on  Thursday,  September 
6,  1906,  and  adjourned  on  Friday,  the  14th  of  the  same  month. 
Previous  to  the  opening  meeting  excursions  were  made,  as  fol- 
lows :  To  the  south  for  eight  days  to  view  the  Archean  and  Ter- 
tiary in  the  narrow  canyon  of  the  Tomellin  on  the  way  to  Oaxaca, 
the  Lower  Cretaceous  in  the  mountains  west  of  Tehuacan,  and 
the  ancient  ruins  at  Mitla.  To  the  west  for  twelve  days,  two 
excursions  were  given, — one  to  Jorullo  to  see  the  volcanoes 
Toluca  and  Jorullo,  and  the  other  to  the  only  active  volcano  in 
Mexico,  Colima,  and  the  geysers.  The  best  attended  excursion 
before  the  Congress  was  the  one  to  the  east  for  three  days,  to 
see  the  deeply  eroded  Cretaceous  at  the  edge  of  the  high  mesas 
down  which  the  railroads  descend  to  the  dissected  Miocene  level, 
and  then  to  the  present  ocean  level  at  Vera  Cruz.  On  the  way 
back  to  Mexico  City  a  stop  of  a  few  hours  was  made  at  Orizaba 
to  view  the  symmetrical  volcano  of  the  same  name  and  the 
nearly  vertical  strata  of  the  Middle  Cretaceous.  The  most 
extensive  and  varied  excursion  was  the  one  for  three  weeks 
immediately  after  the  meetings  of  the  Congress,  to  the  north  as 
far  as  El  Paso  and  east  to  Tampico.  On  alternate  days,  during 
the  sessions  of  the  Congress,  excursions  were  given  to  Cuerna- 
vaca,  to  San  Juan  Teotihuacan  to  examine  the  work  of  restoring 
the  great  pyramids  of  the  Sun  and  Moon,  and  to  the  Pachuca 
silver  mines.  These  excursions  were  of  great  profit  to  all,  while 
the  hospitality  received  en  route  was  lavish. 

The  opening  session  of  the  Congress  was  held  on  the  morning 
of  September  6,  at  eleven  o'clock,  in  the  Salon  de  Actos  of  the 
School  of  Mines,  in  the  presence  of  the  President  of  Mexico,  his 
cabinet,  his  personal  and  official  staff,  and  the  ministers*of  foreign 
countries.  A  short  opening  address  was  given  by  Sr.  Luis 
Salazer,  Director  of  the  School  of  Mines.  The  address  of  wel- 
come was  read  by  the  Subsecretary  of  Fomento  and  the  Hono- 
rary President  of  the  Congress,  Sr.  Andres  Aldasoro.  The 
retiring  President  of  the  Congress,  Prof.  £milio  Tietze,  made  a 
very  pleasing  address,  and  was  followed  by  the  President-elect, 
Sr.  Josd  G.  Aguilera,  Director  of  the  National  Geological  Insti- 
tute of  Mexico.  The  Secretary-elect,  Sr.  E.  Ord6nez,  outlined 
the  work  of  the  sessions.  The  President  of  the  Republic  then 
pronounced  the  Congress  opened.  The  succeeding  meetings  were 
held  in  the  Geological  Institute,  a  building  just  completed  and 
containing  accommodations  for  the  excellent  equipment,  collec- 
tions, library^  and  staff  of  the  Mexican  Geological  Survey. 

The  following  are  the  officers  of  the  present  Congress,  who 
either  in  1909  or  1910  will  turn  over  the  machiaery  of  the  Tenth 
Congress  to  the  Eleventh,  to  be  held  at  Stockholm : 
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President,  Sr.  Jos6  G.  Aguilera. 

Secretary  General,  Sr.  E.  Ord6iiez. 

Vice  Presidents  :  Austria,  C.  Diener  ;  Germany,  H.  Credner, 

A.  Rothpletz,  and  F.  Frecli  ;  France,  A.  Off  ret;  Great  Britain, 
T.  Anderson  ;  Norway,  E.  Brogger ;  Sweden,  H.  Sjogren  ; 
Russia,  Th.  Tschernyschew  ;  Rouraania,  G.  Stefanescu  ;  Italy, 
V.  Sabatini ;  Spain,  C.  R.  Arango  ;  Hungary,  von  Szadeczky  and 

B.  de  Inkey ;  Canada,  F.  D.  Adams  and  A.  P.  Low ;  United 
States,  T.  C.  Chamberlin,  C.  W.  Hayes,  S.  F.  Emmons,  and  A. 
Heilprin;  Philippine  Islands,  M.  D.  McCaskey ;  Mexico,  E. 
Bose  ;  Cuba,  S.  de  la  Huerta  ;  Venezuela-,  E.  Urdaneta  ;  Aus- 
tralia, T.  W.  E.  David  ;  Japan,  T.  Iki. 

The  members  actually  participating  in  the  Congress  numbered 
292.     Of  these  130  were  from  Mexico,  from  America  68,  Manila 

I,  Canada  8,  Honduras  1,  Cuba  2,  Germany  44,  Austria  6,  France 

II,  England  4,  Belgium  3,  Russia  3,  Finland  2,  Italy  2,  Sweden  1, 
Roumania  3,  Bohemia  1,  Australia  1,  and  1  from  Japan.  In 
other  words,  Europe  was  represented  by  80  members,  and  the 
Americas  by  207.  At  this  Congress,  however,  the  percentage 
of  non-geologists  was  probably  greater  than  usual,  and  of  ladies 
there  were  27. 

The  Russian  Spendiaroff  prize  was  awarded  to  Tschernyschew 
in  recognition  of  his  great  work  entitled  "  Die  obercarbonischen 
Brachiopoden  des  Ural  und  des  Timan." 

Through  the  death  of  von  Zittel  the  Paleontologia  Univer- 
salis lost  its  President,  and  to  this  vacancy  the  Council  of  the 
Congress  elected  Prof.  Freeh  of  Breslau.  To  the  American 
Committee  was  added  R.  Ruedemann,  the  other  members  being 

C.  D.  Walcott,  H.  S.  Williams,  and  Charles  Schuchert.  Canada 
is  represented  by  J.  F.  Whiteaves  and  Mexico  by  E.  Bose  and 
C.  Burckhardt. 

A  large  geological  map  of  North  America,  including  Green- 
land, was  distributed  to  the  members.  It  is  the  joint  work  of 
the  National  Surve3'8  of  Canada,  [Jnited  States,  and  Mexico,  and 
was  printed  by  the  U.  S.  Geological  Survey  for  the  Congress.  It 
is  understood  that  this  map  will  undergo  further  revision  and 
will  also  eventually  appear  as  one  of  the  Professional  Papers  of 
the  U.  S.  Geological  Survey.  It  will  supply  a  great  lack  in 
American  geology. 

In  the  main,  the  following  are  the  titles  of  papers  read  by  their 
authors  at  this  Congress  : 

F.  I).  A.DAMS :  Explanation  of  the  Geological  map  of  North  America,  dis- 
tributed to  the  members  of  the  Congress. 

T.  Anderson  :  On  the  principal  results  of  the  Swedish  Antarctic  expedi- 
tion.    Read  by  H.  Sjogren. 

II.  F.  Bain  :  Some  relations  of  paleogeography  to  ore  depositions  in  the 
Mississipjii  Valley. 

C.  Burckhardt  :  Sur  Texistence  dans  le  Jurassique  sup^eur  mexicain 
d' Ammonites  et  Aucelles. 

A.  P.  Coleman  :  Interglacial  periods  of  Canada, 

N.  H.  Darton  :  Geologic  classification  in  the  north -central  portion  of  the 
United  States. 
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T.  W.  E.  David  :  On  the  morphology  and  evolution  of  the  Anstralian 
continent,  and  particularly  in  regard  to  the  Cambrian  and  Permo-Carbon- 
if  erons  glacial  climates. 

H.  L.  Fairchtij)  :  Pleistocene  of  western  New  York. 

F.  Fbech  :  Ueber  die  Klimattnderangen  der  geologisohen  Vergangenheit. 
Ueber  Avicnliden  von  paleozoischen  Habitus  aus  der  Trias  von  Zacatecas. 

A.  HsiLPRiN  :  The  concurrence  and  interrelation  of  volcanic  and  seismic 
phenomena.     On  the  Martinique  eruptions. 

E.  O.  HovEY :  La  Sierra  Madre  Occidentale  de  r£tat  de  Chihuahua. 

B.  DE  Inkbt  :  Sur  la  relation  entre  P^tat  propylitique  (Qrflnstein)  des 
and^tes  et  la  gen^se  des  filons  li^  &  cette  roche. 

K.  Kbilhack  :  On  the  onyx  deposits  at  Etla  in  the  State  of  Oaxaca. 

J.  F.  Kemp  :  Ore  deposits  at  the  contacts  of  intrusive  rooks  and  limestones. 

J.  KoNiosBE^OEB :  Ueber  den  Verlauf  der  Geoisothermen  in  Bergen  und 
seine  Beeinflussung  durch  Schichtstellung,  WasserlHufe  und  chemische 
Processe. 

L.  DE  Lamoths  :  Le  climat  de  I'Afrique  du  Nord  pendant  les  P^riodes 
Pliocene  et  Pleistocene. 

A.  C.  Lawson:  The  earthquake  of  San  Francisco,  California.  On  the 
Quaternary  history  of  California. 

W.  LiNDOBEN  :  On  ore  deposition. 

M.  Manson  :  The  causes  of  the  glacial  epoch. 

W.  Q.  Miller  :  The  Pre-Cambrian  rocks  of  Central  Canada. 

K.  Renz  :  Ueber  das  ttltere  Mesozoicum  Qriechenlands. 

y.  Sabatini  :  Sur  la  demi^re  eruption  du.  V^suve. 

G.  Stefanbscu  :  Description  du  sqaelette  d'un  nouveau  genre  de  Dino- 
therium  gigantissimum. 

J.  D.  ViLLARELLO  :  Sur  le  remplissage  de  quelques  gttes  m^tallif^res. 
W.  H.  Weed  :  Origin  and  classification  of  ore  deposits. 

C.  S. 

2.  A  Descriptive  Catalogue  of  the  l^ertiary  Vertebrata  of  the 
FayHmy  Egypt^  based  on  the  collection  of  the  Egyptian  Govern- 
ment in  the  Geological  Museum,  Cairo,  and  on  the  collection  in 
the  British  Museum  (Natural  History),  London  ;  by  Charles 
William  Andbbws,  D.Sc.  4to.  Pp.  xxxviii,  324  with  25  plates 
and  48  text-figures.  London,  1906  (published  by  order  of  the 
Trustees  of  the  British  Museum). — This  fine  quarto  volume  gives 
not  alone  a  full  descriptive  catalogue  of  the  collections  in  the 
Cairo  Museum  and  in  the  British  Museum  (Natural  History) 
which  were  made  in  the  FayAm  ;  but  a  general  discussion  of  the 
physiography  and  geology  of  the  region  and  of  the  characters 
and  relationships  of  the  remarkable  forms  which  ancient  Egypt, 
ever  the  land  of  wonders,  has  brought  to  light.  Mr.  H.  J.  L. 
Beadnell,  the  maker  of  the  Cairo  collection,  has  given  a  very  full 
account  of  the  topography  and  geology  of  the  FayAm  province 
in  Egypt  and  upon  his  detailed  report  the  sketch  contained  in 
the  catalogue  is  based. 

The  Faytim  is  situated  west  of  the  Nile  valley  in  a  latitude 
some  67  miles  south  of  Cairo.  The  region  is  a  roughly  circular 
depression  the  lower  part  of  which  is  occupied  by  a  large  brack- 
ish-water lake,  the  Birket-el-qurun,  about  25  by  6  miles  in  extent. 
During  Pleistocene  times  this  lake  was  of  vastly  greater  area,  the 
deposits  of  the  former  waters  being  rich  in  vertebrate  and  mol- 
luscan  remains.     Numerous  stumps  of  trees  in  one  or  two  places 
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indicmte  that  formeriv  portions  of  the  8orroanding  country  were 
wooded.  Along  the  northern  side  of  the  lake  nearly  the  whole  of 
the  vertebrate  remains  have  been  gathered  from  beds  of  middle  and 
upper  Elocene  age.  Of  these  vertebrates  all  classes  except  the  Am- 
phibia have  been  found,  though  bird  fragments  are  referable  to  one 
species  only.  By  far  the  most  abundant  are  the  Mammalia,  which 
are  followed  in  numbers  by  the  reptiles. 

The  Mammalia  are  divided  into  three  sections;  (1)  the  land 
mammals  which  seem  to  be  truly  endemic  to  the  Ethiopian 
region  ;  (2)  forms  of  which  close  allies  occur  in  other  regions  in 
approximately  contemporary  deposits  ;  and  (3)  the  aquatic  mam- 
mals. It  seems  probable  that  some  of  the  last  are  also  of  endemic 
origin,  having  arisen  from  native  land  mammals. 

Of  the  first  series,  curiously  enough,  all  are  ungulates  of  the 
less  specialized  orders.  The  most  notable  of  these  is  Arnnoi- 
therium,  a  most  bizarre  creature  of  elephantine  proportions  and 
massiveness,  and  which  bore  upon  the  snout  two  great  upward 
and  forwardly  projecting  horn  cores,  while  above  the  orbits  were 
two  more  though  of  much  smaller  dimensions.  Andrews,  while 
expressing  doubt  as  to  the  relationships  of  Arsinoitherium,  thinks 
that  it  may  have  originated  from  the  same  stock  that  gave  rise 
to  the  Hyracoidea.  The  latter  are  quite  abundant  in  the  Faytlm, 
but  remains  throw  little  or  no  light  upon  the  history  of  the 
group. 

The  light  thrown  upon  the  past  history  of  the  Proboscidians  is 
the  feature  of  the  greatest  scientific  interest  because  of  the  ex- 
treme deficiency  of  our  previous  knowledge  of  the  order,  as  none 
were  known  older  than  the  Miocene  before  the  Faytim  forms 
came  to  light.  Osbom,  among  others,  had  pointed  out  the  pro- 
bability that  Africa  would  be  found  to  be  the  original  home  of  the 
Probosoidea,  the  Hyracoidea,  and  several  other  families;,  believing 
that  a  succession  of  migrations  from  Africa  to  Europe  occurred, 
notably  at  the  end  of  the  Eocene,  at  the  beginning  of  the  Miocene 
and  again  in  the  earliest  Pliocene.  It  was  in  the  early  Miocene 
migration  that  the  elephants  passed  out  of  Africa  for  the 
first  time.  The  earliest  known  proboscidian  is  Mceritherium, 
which  occurs  first  in  theQaaer-elSagha  (middle  Eocene)  beds  and 
persists  until  the  upper  Eocene.  This  creature  suggests  the  tapir 
in  size  and  general  appearance,  and  while  the  dental  formula  is 
almost  complete,  many  elephantine  characters  are  foreshadowed 
in  the  skull.  The  next  proboscidian  genus  is  Palaeomastodon,  of 
which  some  of  the  smaller  sj>ecies  are  evidently  intermediate 
between  Mierithorium  and  the  later  elephants.  The  larger  Palseo- 
masiodons  were  about  the  size  of  a  half-grown  Indian  elephant 
and  were  elephant-like  in  ap|>earanee  except  for  the  elongated 
synlphy^is  of  the  lower  jaw,  which  was  prolonged  beyond  the 
skull  and  was  ev>vereil  onlv  bv  the   flesh v  snout.     The  neck  was 

•  •  • 

still  somewhat  long  and  the  creature  could  reach  the  ground  with 
its  lower  incis<>rs  and  with  the  probably  f^rehensile  muzzle.  The 
further  evolution  of  the  group  is  shown  in  Tetrabelodon  from  the 
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European  lower  Miocene,  a  creature  similar  in  size  and  appear- 
ance to  the  Indian  elephant  except  that  the  trunk  was  inflexible  be- 
cause of  its  being  supported. by  the  more  elongated  symphysis.  In 
Mastodon  however  the  symphysis  shortens,  leaving  the  trunk  free; 
at  the  same  time  vestiges  of  the  elongated  condition  of  the  jaw 
occur  in  some  mastodons  and  in  the  peculiar  sharp  process  of  the 
symphysis  of  modern  elephants. 

The  FayAm  researches  have  also  thrown  light  upon  the  proba- 
ble community  of  origin  of  the  Sirenia,  the  Proboscidea  and  the 
Hyracoidae. 

The  Creodonts  are  also  present  of  the  family  Hysenodontidso 
and  the  development  of  the  Zeuglodonts  from  a  creodont  ances- 
try is  shown.  The  zeuglodonts  of  the  FayAm,  taken  together 
with  a  species,  Procetits  atavus,  from  the  near-by  Mokattan  Hills, 
form  a  series  showing  a  complete  transition  so  far  as  the  teeth  are 
concerned  from  the  Creodonts  to  the  Zeuglodonts. 

The  bird  remains  seem  to  be  that  of  a  true  Ratite  and  suggest 
the  Ethiopian  region  as  a  point  of  origin  of  some  at  least  of  the 
main  sub-divisions  of  the  RatitsB. 

The  Reptilia  are  represented  by  crocodiles,  turtles,  and  snakes. 
There  are  no  Amphibia  and  the  fishes  are  either  Elasmobranchs 
or  Siluroids  and  of  no  great  interest. 

The  summary  points  to  the  great  importance  of  Africa  as  a  cen- 
ter of  mammalian  evolution,  not  alone  of  modern  true  mammals, 
but  of  their  Theriodont  ancestors.  This  being  the  case,  not  only 
the  Tertiary,  but  the  Mesozoic  deposits  of  this  region  may  be  ex- 
pected to  throw  much  light  upon  the  history  of  the  Mammalia. 
The  Dark  Continent  seems  to  be  a  veritable  land  of  promise  to 
the   vertebrate  paleontologist.  r.  s.  l. 

3.  Geology  of  -  the  Owl  Creek  Mountains  with  Notes  on 
Hesources  of  Adjoining  Regions  in  the  Ceded  Portion  of  the 
Shoshone  Indian  Reservation^  Wyoming  ;  by  N.  H.  Darton. 
United  States  Geological  Survey,  Senate  Document  N'o,  219y 
59th  CongresSy  1st  Session.  Pp.  48,  with  11  plates  and  1  text 
figure.  Washington,  1906. — This  paper,  of  the  general  form  of  the 
bulletins  of  the  U.  S.  Geological  Survey,  is  published  as  a  Senate 
document  in  response  to  a  request  from  the  Senate  for  such 
information  relating  to  the  geology  and  natural  resources  of  that 
portion  of  the  Shoshone  Reservation  which  was  to  be  opened  for 
settlement  in  July,  1906,  as  was  in  the  possession  of  the  U.  S. 
Geological  Survey.  The  report  has  a  geological  map  on  the 
scale  of  4  miles  to  the  inch,  and  many  attractive  photographic 
illustrations.  j.  b. 

4.  The  Copper  Deposits  of  the  Robiyison  Mining  District^ 
Nevada  ;  by  Andrew  C.  Lawson.  Univ,  of  Cal,  Publications, 
Dull,  of  the  Department  of  Geology,  vol.  iv,  No.  14,  pp.  287-35'?. 
May,  1906. — ^This  bulletin  gives  a  good  account  of  the  geology  of 
the  Egan  Range,  one  of  the  larger  members  of  the  Basin  Range 
system  of  mountains  traversing  eastern  Nevada.  The  Archean 
basement  is  not  exposed,  the  rocks  ranging  in  age  from  the  Cam- 
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brian  to  the  Carboniferous  and  holding  in  places  intrusive  masses 
of  granitic  and  monzonitic  rocks.  Intrusive  porphyries  and 
extrusive  rhy elites  are  also  present.  Considerable  space  is 
devoted  to  the  contact  phenomena  and  their  relations  to  the  ores. 

J.  B. 

5.  The  Montana  Lobe  of  the  Keewatin  Ice  Sheet ;  by  Fbbd. 
H.  H.  Calhoun.  Professional  Paper  No.  50,  U.  S.  Greol.  Surv., 
1906.  Pp.  62,  with  1  plates  and  31  figures. — This  report  covers 
a  region  of  much  interest  to  glacial ists,  an  area  which  lay 
between  the  Keewatin  ice  sheet  and  the  mountain  glaciers  com- 
ing from  the  west.  In  studying  this  region  four  important  sub- 
jects were  considered — the  eastern  drift,  the  mountain  drift,  the 
deposits  on  the  intervening  area  (which  was  not  glaciated),  and 
the  relations  of  these  three  surface  fonnations  to  one  another. 
It  was  found  t.hat  for  thirty  miles  back  from  the  margin  the 
average  slope  of  the  glacier  must  have  been  about  50  feet  per 
mile.  It  is  further  stated  that  this  ice  sheet  also  undoubtedly 
turned  the  Missouri  from  a  northern  course  and  made  it  tribu- 
tary to  the  Mississippi  River.  j.  b. 

6.  Les  Lac  Alpine  Suisses,  J^ude  Chimique  et  Phyeiqxie ; 
par  le  Dr.  Fklix-Ernest  Bourcart.  Pp.  130,  with  plates  and 
22  figures.  Geneve,  Georg  &  Co.,  Editeurs,  190(5. — This  work, 
to  which  was  awarded  a  prize  by  the  Helvetian  Society  of  Natu- 
ral Sciences,  was  undertaken  at  the  suggestion  of  Professor 
Duparc  as  a  subject  for  a  thesis.  Thirty-three  lakes  were  exam- 
ined in  detail  and  complete  observations  made  upon  the  color  of 
the  water,  transparency,  the  temperature  at  the  surface  and  at 
maximum  depth  and  other  features.  Chemical  analyses  were 
also  made  of  the  waters  and  the  results  are  finally  tabulated. 
The  report  thus  brings  together  a  valuable  body  of  data.     j.  b. 

7.  The  Species  of  jBotryocrinus ;  by  F.  A.  Bather.  Ottawa 
Nat.,  vol.  XX,  pp.  93-104,  August  16,  1906. — This  paper  contains 
a  comparison  of  all  previously  described  species,  with  fresh  diag- 
noses based  on  the  dorsal  cups.  The  species  are  :  Swedish, 
-5.  ramo8i8simu8  Ang.,  £.  cucurbitaceue  (Ang.) :  British,  -S. 
ramoeus  Bather,  i?.  decadactylue  Bather  ex  Salter  MS.,  B.  pin- 
nulatiie  Bather,  B,  quinquelobus  Bather  ;  Australian,  B.  longi- 
brachiatiis  Chapman  ;  N.  American,  B,  nucleus  (Hall),  B.polyxo 
(Hall),  B.  crassus  (Whiteaves),  B,  americanus  Rowley.  All 
these  are  Silurian  except  the  two  last,  which  are  Devonian  and 
approach  the  Carboniferous  Barycrinus  in  shape.  American 
workers  are  invited  to  consider  the  relations  of  Botryocrinus  to 
Cosmocrinus^  Barycrinus^  and  Vasocrinus,     [Author's  abstract.] 

8.  Soils^  their  Formation^  Properties,  Composition  atid  Itela- 
tio7is  to  Climate  and  Plant  Grotcth  in  the  Humid  and  Arid 
Beffions  ;  by  E.  W.  Hilgard.  Pp.  xxvii,  593,  with  89  figures. 
— Every  student  of  soils  will  welcome  this  volume  from  one  of 
the  oldest  and  ablest  soil  investigators  in  North  America.  The 
book  is  unique  because  of  the  full  comparison  between  soils  of 
humid  and  arid  regions  and  its  special  emphasis  upon  the  physics 
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and  chemistry  of  arid  soils,  a  natural  result  of  the  author's  long 
experience  in  the  arid  west  The  book  is  further  characterized 
by  its  strong  treatment  of  the  effect  of  soil  character  upon  native 
vegetation,  for  the  value  of  which  the  author  has  been  contend- 
ing for  half  a  century.  The  fundamental  question  of  classifica- 
tion as  involving  the  relative  value  of  physical,  and  chemical 
properties  in  plant  production  and  as  a  convenient  means  of  ref- 
erence to  cultural  values,  is  discussed  in  a  thoroughly  convincing 
manner.  In  view  of  the  recent  discussions  on  the  relation  of 
soil  texture  and  chemical  constitution  to  the  composition  o£  the 
soil-water,  Hilgard^s  conclusions  are  of  the  highest  interest  and 
value,  and  strongly  contravene  the  assertion  that  natural  solu- 
tions of  water-soluble  soil  ingredients  are  essentially  of  the  same 
composition  in  all  soils.  A  commendable  feature  of  the  soil 
analyses  is  their  statement  in  terms  which  insure  application. 
They  really  constitute  a  sort  of  restatement  of  refined  analyses 
such  as  give  the  conclusions  an  immediate  and  practical  value  to 
the  agriculturist.  i.  b. 

9.  Brief  Notices  of  some  recently  described  Minerals. — 
Kleinite  is  an  oxychloride  of  mercury  described  by  A.  Sachs 
from  Terlingua,  Texas,  and  named  after  Prof.  Carl  Klein  of 
Berlin.  It  occurs  in  slender  hexagonal  crystals  of  a  sulphur-yel- 
low to  orange  color  ;  hardness  3-4  ;  specific  gravity  =  7*441. 
The  composition  deduced  is  H^C1,0,.  Sachs  regards  this  mineral 
as  identical  with  one  noted  by  Moses  ("  No.  5,"  this  Journal,  xvi, 
263)  and  also  with  that  announced  by  Hillebrand  (Ibid.,  xxi,  85). 
— Sitzungsher.  Akad.  Berlin^  Dec.  21,  1905  ;  Centrbl.  Min.,  200, 
1906. 

Bellite  is  a  chromo-arsenate  of  lead  from  the  Magnet  Silver 
mine,  Magnet,  Tasmania  ;  it  is  named  after  Mr.  W.  K.  Bell  by 
W.  F.  Petterd.  It  occurs  in  delicate  tufts  and  velvety  coatings 
lining  cavities  in  a  soft  iron -manganese-gossan  ;  minute  hexagonal 
crystals  are  sometimes  visible.  The  color  is  bright  crimson  to 
oraiige-yellow ;  hardness  2*5  ;  specific  gravity  5*5.  An  analysis 
by  J.  D.  Millen  gave  : 

Ag,0,    CrO.        PbO      PaOft    V.Oft      AlaO,       SO,         CI        SiO, 

6-55      22-61       61-68      0-04      O'll        O'Ol        0-05        0*52      7-59  =  9916 

GiOBGiosiTE  is  a  name  given  by  Lacroix  to  a  basic  hydrated 
magnesium  carbonate  forming  a  white  powder  with  sodium 
chloride  and  other  salts  at  the  f umaroles  of  Santorin  at  the  erup- 
tion of  1866.  The  powder  consists  of  minute  radiated  spherules. 
This  is  inferred  to  be  identical  in  composition  with  a. salt  de- 
scribed by  Fritzsche  having  the  formula  4MgCO,.Mg(OH),.4H,0. 
Another  associated  substance  in  white  flocculent  massp  is  prob- 
ably hydromagnesite. — Bull.  Soc,  Min,,  xxviii,  198. 

Silicomaqkesiofluobitb,  as  its  name  expresses,  is  essentially 
a  fluosilicate  of  magnesium.  It  is  described  by  P.  Zemiattschen- 
ski  from  Lupikko,  Finland.  It  occurs  in  crystalline  aggregates 
of  half-spherical   or  spherical  forms   with   radiated  ana  fibrous 
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structure.  The  color  is  ash-gray  or  light  greenish  and  bluish 
with  satin  luster;  hardness  2*5;  specific  gravity  2'91.  The 
empirical  formula  deduced  is  H,Ca^Mg,Si,0,F,„  which  may  be 
written  6RF,.2RSiO,.H,0.— Zet7«cAr.  Kryst,  xlii,  209. 

Stilpnochloban  is  an  alteration-product  of  thuringite  described 
by  Kretschmer  from  the  iron  mines  of  Oobitschau  near  Stern- 
berg, Moravia.  It  forms  aggregations  of  small  cleavable  scales, 
sometimes  irregularly  grouped,  also  radiated  or  fan-shaped.  The 
color  is  yellow  to  bronze-red ;  hardness  2  to  3 ;  specific  gravity 
1*82.     An  analysis  gave  : 

SiOs        AUOt      FesOs      MnO       CaO        MgO       H,0      V%Ot 

83-80        4-37        44-83        084        1-22        1*78       U'lO      0-37  =  99-76 

The  formula  calculated  is  H„(Ca,  Mg)  ( Al,  Fe),,Si,0„.—  CentralbL 
Min.^  p.  203,  1906. 

MoRAViTE  is  a  chloritic  mineral  closely  resembling  thuringite, 
also  described  by  Kretschmer  from  a  locality  near  Gobitschau 
(see  above).     An  analysis  gave  : 

SiO,     A1,0.    Fe,0.   FeO    CaO  MgO     K,0,Na,0    H,0      C    P,0. 

49-30    22-71     504    13-99      tr.    1-82  110  4-95    055    tr,  =  9946 

The  formula  deduced  is  H^(Fe,  Mg),(Al,  Fe),Si,0,,.— Ccn^rafl^/. 
Min,^  p.  293,  1906. 

Paravivianitk  is  a  variety  of  vivianite  containing  small 
amounts  of  manganese  (2-01  p.  c.  MnO)  and  magnesia  (1*92  MgO), 
described  by  S.  Popoff  from  the  limonite  deposits  of  the  Penin- 
sula Kertsch. 

The  same  author  has  given  the  name  Kertschexitb  to  a 
hydrated  basic  iron  phosphate  from  the  same  region.  This  occurs 
in  dark  green  to  black  crystalline  aggregates  with  a  hardness  of 
3'5  and  specific  gravity  of  2*65.     The  mean  of  two  analyses  gave: 

PaO»        Fe,0,       FeO       MnO       MgO       CaO        H,0 

28-20        82-93        949        192        1-55        047        24-98=99-54 

The  calculated  formula  is  (Fe,Mn,  Mg)  Fe,P,0,,.7H,0.  — &«w- 
tralbl,  Min,,^.  112,  1906. 

Otavitb  is  a  new  cadmium  mineral  described  by  O.  Schneider 
from  Otavi  in  German  Southwest  Africa.  It  occurs  in  crystal- 
line crusts  with  upper  and  lower  surfaces  covered  with  minute 
rhombohedrons.  The  color  is  white  to  reddish  and  the  luster 
brilliant  adamantine.  Qualitative  tests  lead  to  the  conclusion 
that  it  is  a  basic  carbonate  of  cadmium.  The  same  locality 
yields  azurite,  malachite,  cerussite,  linarite,  etc.,  also  greenockite 
as  a  yellow  powder  on  malachite.—  CentralbL  Min,^  p.  388,  1906. 

CnLORMANGANOKALiTE  is  a  name  provisionally  given  by  BL  J. 
Johnston-Lavis  to  a  double  chloride  of  manganese  and  potassium 
occurring  in  canary -yellow  rhombohedral  crystals  in  cavities  in 
ejected  masses  found  on  the  fianks  of  Vesuvius  after  the  eruption 
of  last  April.  Nature^  Ixxiv,  103.  Associated  with  this  are  fine 
cubes  of  a  potassium-sodium  chloride  corresponding  to  6KG1. 
NaCl,  which  the  same  author  calls  Chlobnatrokalite. 

7  9 
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DouGHTTiTB,  described  by  W.  P.  Headden,  is  a  hydrated  basic 
salphate  of  aluminium  occurring  as  a  white  precipitate  in  connec- 
tion with  some  of  the  Doughty  Springs  in  Delta  County,  Colo- 
rado. The  composition  of  the  air-dried  material  is  given  by  the 
formula:  Al,(SO,),.5Al,(OH),.2 1H,0. —iVoc.  Colo.  Set.  Soc, 
viii,  66. 


III.     Astronomy. 

1.  PardUax  Investigation  of  162  Stars,  Mainly  of  Large 
Proper  Motion.  Transactions  of  the  Astronomical  Observatory 
of  Yale  University :  Volume  II,  Part  I,  pp.  207,  Folio.  Pub- 
lished by  Fbederick  L.  Chase,  Mason  F.  Smith  and  Wm.  L. 
Elkin. — The  results  of  Dr.  Elkin's  work  with  the  Repsold  Helio- 
meter  on  the  parallax  of  10  first  magnitude  stars  of  the  northern 
heavens  were  published  in  1902,  as  Part  VI  of  vol.  I  of  these 
Transactions.  It  may  be  noted  here  that  nine  of  these  stars  have 
a  reliable  parallax,  varying  from  0*02*'  to  0-33',  and  it  is  somewhat 
significant  that  two  of  the  three  of  inconsiderable  parallax  have 
also  inappreciable  proper  motion,  while  the  seven  remaining  have 
noticeably  large  proper  motion,  varying  from  0*20*'  to  2*29',  while 
the  average  parallax  of  O'll''  represents  a  distance  of  29  light- 
years. 

During  the  progress  of  this  work,  which  together  with  the 
triangulation  of  the  Pleiades  and  that  of  the  Group  in  Coma 
Berenicis  by  Dr.  Chase  had  demonstrated  the  capacity  both  of 
these  observers  and  their  instrument  for  the  highest  order  of 
parallax  work,  plans  were  formed  for  an  investigation  of  all  the 
stars  of  known  large  proper  motion  across  the  line  of  vision  con- 
venient for  observation  (designated  rather  loosely  in  the  report 
as  '^all  the  rapid  moving  stars'').  This  work  has  developed  in 
the  course  of  its  prosecution  so  far  beyond  the  limits  anticipated 
that  it  has  occupied  the  larger  part  of  the  time  of  Dr.  Chase  for 
13  years,  Dr.  Elkin  having  been  interrupted  by  ill  health  and 
largely  occupied  by  work  in  meteorite  photography.  It  has  also 
enlisted  the  services  of  Mr.  M.  F.  Smith  since  1901. 

By  1895  about  100  stars  had  been  measured  at  two  epochs  of 
greatest  parallax  effect,  the  original  design  being  to  detect  paral- 
lax without  attempting  the  fullest  determination  of  its  magni- 
tude, but  the  discussion  of  these  measurements  promised  such 
valuable  results  that  it  was  decided  to  both  enlarge  and  intensify 
the  work  by  including  more  stars  and  extending  the  measure- 
ments over  four  periods,  the  last  two  being  taken  in  reverse 
order,  as  well  to  eliminate  more  completely  the  effect  of  proper 
motion  as  to  guard  against  the  effect  of  systematic  error  which 
might  possibly  be  considerable  in  a  limited  number  of  observa- 
tions. 

The  precautions  taken  against  systematic  errors,  whether 
resulting  from  habits  of  observation,  direction  of  comparison 
stars  or  difference  in  their  color  or  brightness,  as  well  as  from 
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imperfections  in  the  micrometer  screw  or  progressive  change  in 
its  scale  value,  must  impress  the  reader  as  original,  judicious  and 
comprehensive ;  and  as  the  value  of  the  parallax  work  depends 
chiefly  on  the  completeness  of  these  eliminations,  the  inferences 
drawn  by  the  authors  as  to  the  sigificance  of  their  results  may  be 
accepted  with  great  confidence  because  of  the  high  order  of  this 
part  of  the  work. 

An  interesting  example  of  the  thoroughness  of  the  investiga- 
tion of  sources  of  systematic  error  is  tlie  discussion  by  Dr.  Chase  of 
the  effect  of  difference  of  color  between  the  parallax  star  and  its 
star  of  comparison.  It  is  assumed  that  the  light  of  a  red  star 
being  refracted  less  than  that  of  a  white  comparison  star,  the 
angular  distance  between  them  will  be  affected. 

The  treatment  of  this  topic  is  of  such  intrinsic  interest  and  so 
typical  of  the  thoroughness  of  the  whole  investigation  of  sources 
of  systematic  error  that  it  seems  well  to  reprint  it  here  entire 
from  the  text  of  the  report— the  tables  of  measurements,  occupy- 
ing many  pages,  being  omitted. 

"  Observations  of  red  stars  for  color  effect. — The  work  of  the 
preceding  pages,  in  which  every  precaution  to  eliminate  known 
sources  of  error  was  employed,  appears  to  us  to  be  free  from 
all  systematic  error,  except  perhaps  one  due  to  the  star's  color. 
Any  perceptible  difference  in  the  mean  refrangibility  of  the  light 
of  two  stars  might  possibly  produce  an  effect  upon  the  meas- 
ured distance  between  them  which  would  be  a  function  of 
the  hour  angle,  and  hence  affect  their  apparent  relative  par- 
allax, since  it  is  generally  impossible  for  practical  reasons  with 
our  instrument  to  make  observations  at  the  two  different 
parallax  epochs  otherwise  than  on  opposite  sides  of  the  meridian. 
To  ascertain  whether  an  error  due  to  this  cause  is  appreciable  in 
actual  observation,  Dr.  Chase,  in  1898  and  1899,  made  a  series  of 
observations  on  five  highly  colored  stars  selected  from  Krtlger's 
Catalog  der  Farbigen  Sterne^  carrying  out  the  investigation  in 
the  following  manner : 

The  plan  was  at  the  epoch  when  the  star  culminates  about 
midnight  to  measure  the  distances  between  the  red  star  and  each 
of  two  nearly  equally  distant  comparison  stars,  one  preceding 
and  the  other  following,  and  as  nearly  as  possible  on  the  same 
parallel  of  declination,  at  rather  large  hour  angles  both  east  and 
west  of  the  meridian.  By  taking  two  comparison  stars  we  were 
able,  as  in  the  parallax  work,  to  correct  for  any  change  in  the 
scale  value,  and  to  eliminate  any  errors  varying  with  the  time. 

The  refraction  of  two  stars  with  light  of  a  different  mean 
refrangibility  being  represented  by 

P  tan  z^  and  (j8  +  A^)  tan  z 

the  measured  distance  between  two  such  stars  should  receive, 
besides  the  correction  for  differential  refraction,  the  additional 
correction 

A)3  tan  z  cos  (jp—q) 
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where  z  denotes  the  zenith  distance,  p  the  position  angle  of 
the  red  star  from  the  oomparison  star,  q  the  parallactic  angle, 
and  A/3  the  supposed  color  effect. 

.  The  following  pages  give  the  measures  corrected  for  refrac- 
tion and  aberration,  the  value  of  tan  2  cos  (p—g)  for  each  observed 
distance,  and  the  sums,  differences,  corrections  for  temporary 
scale  value,  and  corrected  differences,  as  in  the  series  for  paral- 
lax determination.  These  last,  by  their  variation  from  an 
assumed  mean  difference,  furnish  the  equations  of  condition 
which  follow,  in  which  x  and  x'  represent  the  required  corrections 
to  the  assumed  mean  difference  for  each  epoch,  A^  the  quantity 
to  be  determined,  whose  coefficient  is  the  difference  of  the  values 
of  tan  2  cos  (/>—•$')  for  the  two  distances,  and  the  second  mem- 
ber the  observed  difference  for  each  night  minus  the  assumed 
mean  difference.  The  star  KrOger  1181  was  specially  selected 
because  it  had  a  close  neighboring  star  presumably  of  average 
color,  and  as  a  test  of  the  value  of  the  method  this  latter  also  was 
observed  with  respect  to  the  same  comparison  stars  in  conjunc- 
tion with  the  red  star  and  symmetrically  with  it,  so  that  the  con- 
ditions should  be  absolutely  the  same.  For  both  stars,  likewise, 
the  treatment  and  solution  were  carried  out  in  precisely  the  same 

manner 

If  we  arrange  the  results  of  the  previous  pages  in  the  order  of 
the  stars'  redness  as  given  by  Krtiger,  we  have —   . 

Krttger         985  Color  60  A/3  =  -0  019'  ±  0019'  Wt.  686 

1080  70  4-0-005    ±  0020  64  4 

1078  71  +0009    ±  0015  160 

1181  7-8  +0-014    ±  0018  557 

1108  8-7  +0046    ±  0017  45'2 

W.B.  15\    745  ..  -0003    ±  0-021  556 

An  inspection  of  these  results  would  seem  to  indicate  that  there 
is  a  discernible  color  effect  conforming  with  theory,  the  mean 
light  of  the  red  star  being  apparently  refracted  less  than  that  of 
the  comparison  stars,  except  in  the  case  of  Krtiger  985,  although 
the  amount  is  very  small  except  for  very  red  stars.  This  conclu- 
sion is  corroborated  by  a  comparison  of  the  results  for  Krtiger 
1181  and  W.  B.  16**,  745,  investigated  under  exactly  the  same 
conditions.  The  result  for  the  latter  coming  out  so  nearly  zero  is 
ia  most  satisfactory  confirmation  of  the  accuracy  of  the  work. 
That  the  color  effect  is  not  greater  rather  tends  to  confirm  Sir 
David  Gill's  opinion  that  the  heliometer  observer's  tendency  is  to 
bring  the  similarly  colored  parts  of  the  stars'  spectra  rather  than 
the  brightest  parts  into  coincidence. 

Now  what  influence  this  possible  source  of  error,  if  real,  may 
have  upon  our  parallax  results  can  be  easily  shown.  Scarcely  any 
of  the  measures  were  made  at  a  zenith  distance  greater  than  60^ 
and  the  average  was  about  50°.  The  following  table  gives  the 
value  of  the  factor  tan  z  cos  {p—q)  for  each  twenty  degrees  of 
declination  at  50°  zenith  distance,  assuming  />,  the  position  angle 
of  the  red  star  from  the  comparison  star  to  be  90°,  for  which 
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value  the  difference  of  the  factors  for  east  and  west  obeerrations 
is  found  to  be  a  maximum.  And  taking  the  average  double  par- 
allax factor  to  be  3*50  the  last  column  gives  the  extreme  correc- 
tion that  would  have  to  be  applied  to  the  parallax,  in  which  for 
A)3  is  to  be  taken  its  value  for  a  star  of  the  same  degree  of  red- 
ness. 


ianz  C08I 

(p-9) 

Decl. 

q 

^-M^               Sr 

8-50  ^ 

East 

WMt 

0' 

30-8' 

-0-59 

+0-59 

— 0-94A^ 

+  20 

52-8 

-0-94 

+0-94 

-0-54 

+  40 

65-0 

-1-08 

+  1-08 

-oes 

+eo 

74-4 

-114 

+  114 

-0-65 

+80 

77-5 

-115 

+  115 

-0-66 

Thus  -considefiBg  4hat  4he  ^elor^effeet^or  a  most  highly  colored 
star  is  not  likely  to  be  greater  than  0-66x0'046''  =  0-03'  we  feel 
justified  in  concluding  that  any  vitiation  in  our  parallax  results, 
due  to  this  cause,  is  presumably  well  within  their  probable  error." 

Appreciating  the  rigorous  methods  employed  in  the  work  we 
can  accept  with  confidence  the  inferences  drawn  by  the  authors 
from  the  analysis  of  the  parallaxes  obtained. 

These  are  best  summarized  by  again  quoting  from  the  text : 

'*  The  present  investigation  furnishing,  as  it  seems  to  us,  a  homo- 
geneous series  of  parallax  values,  we  have  thought  it  of  interest 
to  make  a  number  of  classifications  of  the  results  independent  of 
the  material  hitherto  obtained  by  other  observers.  While  we 
cannot  claim  any  very  great  precision  for  the  individual  results, 
determined  as  these  are  from  such  a  comparatively  limited  num- 
ber of  observations,  yet  we  do  attach  considerable  weight  to  the 
mean  values  of  the  various  groups  we  have  formed,  and  consider 
these  values  of  unquestionable  significance. 

These  classifications  are  comprised  in  the  five  following  tables. 
Table  I  gives  an  arrangement  in  order  of  the  size  of  the  proper- 
motion  of  the  star  under  consideration  ;  Table  II,  a  similar  one 
in  order  of  the  star's  magnitude  ;  Table  III,  in  order  of  the  siae 
of  the  parallax  ;  Table  IV,  in  order  of  Right-Ascension,  sab- 
divided  into  two  classes  north  and  south  of  Declinations +  30^ 
and  finally  Table  V,  according  to  the  spectral  type  and  classes  as 
given  in  the  Draper  Catalogue." 

Of  the  results  shown  in  these  tables  the  following  are  the  most 


interesting^ : 


Table  I  reveals,  as  might  be  expected,  a  distinct  interdepend- 
ence of  parallax  and  proper  motion,  especially  in  the  group  with 
proper  motions  exceeding  1".  The  data  of  Table  II  point  to  a 
small  but  undoubted  relation  between  parallax  and  magnitude. 
Table  III  emphasizes  the  connection  between  proper-motion  and 
parallax,  none  of  the  negative  parallaxes  corresponding  to  proper- 
motions  greater  than  1*,  and  a  marked  progression  being  very 
apparent. 
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Table  V  does  not  conform  to  the  law  deduced  by  Kapetyn  of 
connection  between  parallax  and  types  of  spectra,  but  the  data 
are  hardly  sufficient  to  disprove  the  law. 

The  parallaxes  grouped  in  order  of  magnitude  appear  as  fol- 
lows : 

Number  of  stars  with  negatiye  parallax,  — O'lS'  to  -000'.. 86 

small  "        +0-00  to  +0*02  -.40 

•  considerable    "       +0-04  to  +0*09  ..49 

large  **        +010  to  4  0-20  ..88 

Of  the  last  group  the  average  magnitude  is  5*8  and  the  average 
parallax  0-168%  corresponding  to  a  distance  of  20  light-years, 
which  is  two-thirds  that  of  the  9  first  magnitude  stars.  The 
average  proper  motion  of  the  group  is  0'90',  one  and  one-half 
times  that  of  the  first  magnitude  stars. 

Two  results  of  more  popular  interest  may  be  stated  as  follows  : 

Proper  motion  is  a  far  more  reliable  guide  than  brightness  in 
estimating  distance. 

There  is  probably  not  more  than  one  star  in  the  northern 
heavens  nearer  to  us  than  61  Cygni. 

In  the  last  group  is  found  the  noteworthy  addition  to  our  knowl- 
edge of  astronomy  furnished  by  this  work.  All  of  its  stars  will 
be  subjects  of  study  in  the  observatories  of  the  world  for  many 
years.  w.  b. 

2.  Publications  of  the  United  States  J^aval  Observatory^ 
Superintendent,  Rear- Admiral  Asa  Walker,  U.  S.  N.  Second 
Series,  4to,  Volume  IV,  in  four  Parts,  Parts  I  to  III. — Part  I 
contains  Transit-Circle  Observations  of  Sun,  Moon,  Planets  and 
Miscellaneous  Stars,  1900-1903.  Part  II  contains  Transit  Circle 
Observation  of  Sun,  Moon,  Planets  and  Comets,  1866-1891. 
Part  III  contains  Transit  Circle  Observation  of  Standard  and 
Zodiacal  Stars,  1901-1902. 

Part  IV  forms  a  separate  volume  and  is  largely  devoted  to  a 
discussion  of  observations  made  at  the  total  solar  eclipses  of  May 
28,  1900,  and  May  17,  1901,  with  numerous  illustrations.  At  the 
former,  stations  were  occupied  on  the  central  line  at  Bamesville 
and  Griffin,  Georgia,  and  at  Pinehurst,  N.  C.  For  the  eclipse  of 
1901  an  expedition  was  sent  to  Sumatra  under  the  charge  of  Prof. 
A.  N.  Skinner  and  several  stations  occupied  at  which  successful 
observations  were  made  yielding  impoirtant  results,  especially  as 
regards  the  form  of  the  corona.  This  subject  is  illustrated  by  a 
series  of  excellent  plates. 
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IV.    Miscellaneous  Scientific  Intelligence. 

1.  A  Text' Book  in  Oeneral  Zoology  ;  by  Henry  R.  Likville 
and  Henry  A.  Kelly.  Pp.  x  -f-  462,  with  233  illustrations.  New 
York,  1906  (Ginn  &  Company). — This  is  an  elementary  text- 
book designed  particularly  for  secondary  schools.  It  contains, 
however,  a  vast  amount  of  matter  of  interest  to  the  general 
reader  and  in  this  respect  differs  widely  from  most  books  of  the 
kind.  The  pupil  or  reader  will  here  find  the  dry  bones  of  anat- 
omy and  classification  clothed  with  interesting  accounts  of  habits, 
life  history,  relationship,  and  evolution,  while  the  bearing  of  each 
fact  on  the  general  principles  of  biology  is  indicated.  The  book 
is  to  be  accompanied  by  a  pamphlet  of  suggestions  for  labora- 
tory work.  With  a  suitable  laboratory  course  and  judicious 
selection  of  topics  the  study  of  this  book  should  arouse  in  the 
mind  of  the  young  student  a  love  of  nature  and  an  eagerness  to 
make  the  personal  acquaintance  of  the  animals  considered, 
although  many  elementary  courses  are  conducted  in  such  a  way 
as  to  secure  an  exactly  opposite  result.  A  large  part  of  the 
illustrations  are  original  and  are  unusually  attractive,     w.  r.  c. 

2.  Illustrations  of  British  Blood-sucking  Flies  with  notes ; 
by  Ernest  Edward  Austen.  Pp.  74 ;  34  plates.  London,  1908 
(Printed  by  order  of  the  Trustees  of  the  British  Museum).— 
This  work  consists  of  reproductions  of  colored  drawings  pre- 
pared for  exhibition  in  the  British  Museum,  with  interesting 
comments  in  popular  language  on  each  of  the  species  illustrated. 
The  34  plates  are  well  printed  by  the  three-color  process  and 
represent  the  insects  many  times  natural  size,  with  few  excep- 
tions each  figure  occupying  the  whole  of  a  large  octavo  plate. 
They  might,  therefore,  be  used  to  advantage  to  accompany  the 
actual  specimens  in  museums  other  than  the  one  for  which  their 
originals  were  intended.  This  is  particularly  the  case  because 
many  of  the  species  are  of  very  wide  distribution,  occurring  not 
only  in  Great  Britain,  but  also  throughout  Europe,  Asia,  and 
North  America,  and  some  in  Africa  and  Australia.        w.  r.  c. 

3.  A  Synonymic  Catalogue  of  JSbmoptera.  Part  L  Cicadl- 
dee;  by  W.  L.  Distant.  Pp.  207.  London,  1906.  (Primed  by 
order  of  the  Trustees  of  the  British  Museum.  Sold  by  Longmans 
&  Co.,  etc.) — This  first  part  of  the  British  Museum  Catalogue 
of  Homoptera  is  devoted  to  Cicadidae,  and  is  prepared  by  Mr. 
W.  L.  Distant,  who  has  given  particular  attention  to  this  family 
of  the  Rhynchota.  The  fact  that  there  has  been  no  catalogue  of 
the  family  published  recently  gives  especial  value  to  this  exhaust- 
ive work. 

Obituary. 

Dr.  Ludwig  Boltzmann,  Professor  at  the  University  of 
Vienna  and  eminent  for  his  contributions  to  theoretical  physics, 
died  by  his  own  hand  in  September  last  at  the  age  of  sixty-two 
years. 
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Art.  XXXIX. —  On  the  Relative  Activity  of  Radium  and 
Thorium^  measured  by  the  GainmorRadiation ;  by  A.  S. 
Eve. 

The  recent  work  of  Boltwood*  and  of  Dadourianf  proves 
that  about  one-half  of  the  radio-thorium  in  radio-active  min- 
erals is  abstracted  in  the  chemical  processes  of  preparing  the 
commercial  salts  of  thorium.  Tliis  fact  was  established  inde- 
pendently by  the  two  observers,  the  one  measuring  the  a-activ- 
ities  of  the  minerals  and  the  salts,  the  other  comparing  the 
activities  of  their  respective  emanations.  Thus  they  found  per 
gram  of  thorium  more  radio-thorium  in  thorianite  than  in 
thorium  nitrate,  the  ratio  being  about  2*1  or  2*6  to  1.  Bolt- 
wood  further  states  that  "  the  specific  activity  of  thorium  with 
its  equilibrium  quantities  of  disintegration  products  is  constant."' 

The  present  paper  deals  with  the  following  points : — 

I.  To  determine  the  ratio  of  the  gamma-activities  of  radium 

and  thorium  when  both  are  in  radio-active  equilibrium. 

II.  To  ascertain  the  relative  amounts  of  radio-thorium  in  thori- 

anite and  thorium  nitmte  respectively,  by  measurement 
of  the  gamma-radiations. 

.  The  object  of  the  experiment  was  not  to  verify  the  work  of 
Boltwood  and  of  Dadourian,  but  to  test  the  7-radiation  method, 
ascertaining  if  the  results  obtained  by  it  were  in  good  agree- 
ment both  with  the  a-ray  method  and  with  the  emanation 
method.     Such  was  found  to  be  the  case. 

•  This  Journal,  Jnne,  1906,  pp.  409,  415.  f  Ibid.,  p.  427. 
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In  a  previous  paper*  I  have  proved  that  the  7-ray8  from 
radium  and  from  thorium  are  absorbed  at  a  precisely  equal 
rate  during  their  passage  through  lead,  whilst  the  7-rays  from 
uranium  are  much  more  readily  absorbed.  In  the  same  paper, 
the  ratio  of  the  7-activities  of  radium  and  thorium  was  also 
stated,  but  erroneously,  inasmuch  as  thorium  nitrate  was  used 
for  the  determination,  and  we  now  know  that  the  thorium  was 
therefore  not  in  radio-active  equilibrium.  Furthermore,  it  has 
been  shownf  that  the  observable  7-radiation  from  radium  in 
equilibrium  is  due  solely  to  radium  C.  .  In  the  case  of  thorium 
it  is  known  that  the  7-ray8  are  due  to  thorium  C.  Therefore, 
the  7-radiation  of  thorium  C,  which  is,  in  due  sequence,  a  dis- 
integration product  of  radio-thorium,  is  a  measure  of  the  radio- 
thorium  present.  We  should,  therefore,  expect  the  7-radiation 
of  a  thorium  mineral  or  salt  to  be  proportioned  to  the  amount 
of  radio-thorium  present.  So  that  the  results  of  7-ray  obser- 
vations ought  to  be  in  agreement  with  those  made  by  the  a-rays 
or  by  the  emanation  method. 

In  the  experiments  the  gamma-radiation  was  measured  in 
the  usual  manner  by  an  electroscope. 

The  substances  compared  were  as  follows  : 

(1)  Radium  bromide,  equivalent  to  '25"^  as  compared  with  the 

sealed  standard  at  the  Physics  Building,  McGill  Uni- 
versity. This  standard  consists  of  3*69™^  of  radium 
bromide,  which  Rutherford  found  gave  per  gram  a 
heating  effect  of  110  gram-calories  an  hour. 

(2)  Thorianite,  Ceylon,  454  grams,  containing  11  per  cent  of 

uranium  and  79  per  cent  of  ThO,. 

(3)  Thorium  nitrate,  prepared  by  Eimer  and  Amend,  received 

from  them  a  year  ago,  which  contains  47  per  cent  of 
ThO,. 

The  activities  of  these  three  substances,  measured  bv  their 
7-radiation,  were  respectively  proportioned  to 

(1)  18-5 

(2)  8-34 

(3)  1-38 

These  are  the  means  of  several  observations  under  varied 
conditions,  and  are  the  actual  divisions  per  minute  observed 
with  the  electroscope. 

Specific  Activities. 

(1)  The  activity  of  the  radium  bromide,  under  the  conditions 
of  tlie  experiment,  was  18*5/*25  per  mg.  or  74,000  per 
gram. 

*  Phil.  Mag.,  April,  1906.  f  This  Journal,  July,  1906. 
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(2)  The  specific  activity   of  the  thorium   in   the   thorianite 

requires  some  consideration.  Of  the  454  ^rams  of 
thorianite  employed,  360  grams  coAist  of  ThO„  and 
50  grams  of  uranium.  The  7-radiation  of  the  uranium 
itself  can  he  ignored,  as  it  could  not  produce  a. suffi- 
cient effect  through  the  thickness  of  lead  employed. 
But  with  the  uranium  there  will  be  an  amount  of 
radium  present  in  the  proportion  determined  by  Ruth- 
erford and  Boltwood.  Thus  the  50  grams  of  uranium 
are  associated  with  50x3'8xl0~' grams  of  radium,  or 
the  equivalent  of  3'3  X 10""  grams  of  radium  bromide. 
But  '^V^^  of  radium  bromide  had  an  activity  of  18'5 
as  measured  by  the  electroscope,  and,  therefore,  the 
radium  in  the  thorianite  would  produce  a  deflection  of 
18-5/-25X  3-3x10-*  or  2-47  divisions  a  minute.  De- 
ducting this  from  the  total  activity  of  the  thorianite, 
namely,  from  8*34,  we  have  an  activity  of  5*87  due  to 
the  tliorium  and  all  its  products,  so  that  the  specific 
activity  is  5-87/360  or  -0163. 

(3)  An  analysis  of  the  thorium  nitrate  showed  that  47   per 

cent  of  ThO,  was  present,  so  that  213  grams  of  ThO, 
had  an  activity  of  1*38,  or  a  specific  activity  of  '0065. 

The  specific  activities  here  given  are  dependent  on  the  elec- 
troscope used,  on  the  thickness  of  the  lead  employed  and  on 
the  distance  of  the  substances  from  the  electroscope.  But  tlie 
ratios  of  the  specific  activities  is  independent  of  the  condi- 
tions of  the  experiments,  except  for  a  small  correction  due  to 
the  fact  that  the  substances  cannot  be  concentrated  at  a  point. 

The  following  results  are,  therefore,  deduced  : — 

(a)  The  thorium  and  its   products  in  the  thorianite   is  more 

active  than  the  thorium  and  its  products  in  the  thoriutn 
nitrate  in  the  ratio  of  -0163  to  '0065,  or  of  2*5  to  1. 
This  is  in  very  good  agreement  with  Boltwood 's  results. 

(b)  Kadium  bromide  in  radio-active  equilibrium  is  more  active 

than  an  equal  mass  of  ThO,  in  radio-active  equilibrium 
in  the  ratio  of  74,000  to  -0163  or  of  4*5x10"  to  1. 

Therefore,  radium  is  6*9x10'  times  as  active  as  thorium 
when  both  are  in  radio-active  equilibrium,  when  the  activity 
is  measured  by  the  7-rays. 

In  a  previous  paper  tlie  writer  suggested  that  a  kilogram  of 
commercial  thorium  nitrate  might  be  a  convenient  standard 
for  7-ray  measureu)ent.  This  suggestion  w*as  not  a  good  one, 
because  recent  work  has  shown  that  radio-thorium  would  be 
continually  increasing  in  such  a  standard,  so  that  the  activity 
would  vary  at  a  rate  at  present  unknown.     The  only  feasible 
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plan  fur  providing  standards  seems  to  be  by  comparison  with 
a  sealed  standard  of  radium  bromide  of  known  weight  and 
purity.  * 

Results, 

(1)  Kadium  bromide  is  4*5  X  10*  times  as  active  as  ThO„  or 
radium  is  6'9  X  10*  times  as  active  as  thorium^  meas- 
ured by  the  7-rays,  when  both  are  in  radio-active  equili- 
brium. 

(2}  The  ratio  of  the  quantity  of  radio-thorium  per  gram  of 
thorium  present  in  thorianite  and  in  thorium  nitrate  has 
been  measured  by  Boltwood,  using  the  a-ray  method ; 
by  Dadourian,  using  the  emanation  method ;  and,  subse- 
quently, by  the  writer,  using  the  7-ray  method.  The 
results  obtained  by  these  different  methods  are  in  good 
agreement. 

With  much  pleasure  I  acknowledge  the  helpful  advice  of 
Professor  Rutherford. 

McGill  University,  Oct.  1906. 
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Abt.  XL. — A  Fossil  Bird  from 

liOOMIS. 


the    Wasatch;   by  F.  B. 


So  far  as  the  writer  ie  aware,  no  bird  lias  ever  been  described 
from  tlie  Wasatch  Lake  basin  ;  so  that  any  part  of  one  from 
tliie  lower  portion  of  the  Eocene  becomes  a  matter  of  import- 
ance, especially  if  the  remains  are  those  of  a  land  bird.  When 
unpacking  the  collections  of  the  Amherst  College  expedition 
of  190i,  a  number  of  bones  in  a  better  state  of  preservation 
than  the  rest  were  sorted  out  of  a  lot  collected  for  Eohippns. 
These  proved  to  be  the  fragmentary  upper  end  of  the  femnr, 
the  upper  end  of  the  tibia  and  fibula,  the  distal  end  of  the 


Fig.  1.  0»Uinv,loidea  pren 
aspect ;  nat.  size ;  co-type. 

Fio.  2.  GaUinuloidtn  prenti 
langefl  found  shadecJ  in  ;  i^  nai 

Fig.  3.     OaUiatiloidrs  prenti 


Ontline  of  tbe  left  foot,  with  those  pha- 
lize;  type. 

Claw  of  digit  i ;  articular  face  and  side 


tibio-tarsus,  eight  more  or  less  complete  phalanges,  and  four 
claws,  all  belonging  to  the  left  leg  of  a  bird ;  this  bird  was 
about  half  as  big  again  as  a  turkey  and  of  rather  heavier  build. 
Beside  these  a  second  specimen,  consisting  of  the  distal  end  of 
the  left  tibio-tarsus  was  found   in   the  same  layer  about  100 
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yards  off.  Both  came  from  the  basal  layers  of  the  Wasatch, 
near  the  head  of  Elk  Creek,  some  ten  miles  west  of  Otto, 
Wyomiog, 

The  bones  belonged  to  a  gallinaceous  bird,  having  tlie  same 
type  of  epitendinous  bridge  near  the  distal  end  of  the  tibio- 
tarsns,  the  deep  groove  on  the  distal  end  of  the  phalanges,  and 
claws  neither  so  curved  as  those  of  a  bird  of  prey  nor  as  blunt 
as  those  of  a  wading  bird,  thougli  they  are  rather  more  pointed 
than  the  claws  of  the  turkey  or  fowl.  However,  without  other 
portions  of  the  skeleton,  exact  generic  comparisons  are  difficult ; 
so  until  more  complete  material  is  found,  1  would  assign  the 
fossils  to  the  Bridger  genus  GalHnuloides,  and  I  propose  for 
the  Wasatch  fossil  bird  the  specific  name  j?r<97i^w\  after  Mr.  E. 
P.  Prentice,  whose  interest  was  instrumental  in  making  the 
find. 

The  accompanying  figures  show  the  more  characteristic  fea- 
tures. The  type  is  No.  b4  of  the  1904  collection,  the  better 
bones  from  which  are  shown  in  figures  2  and  3,  while  figure  1 
is  of  the  second  specimen.  The  tibio-tarsus  is  a  heavy  bone 
jgrnm  ^f;\^Q  j^  tlic  middle  of  the  distal  end,  and  20™"'  across  the 
front  of  the  articular  condyles.  The  depression  on  the  articu- 
lar end  of  this  bone  is  shallower  than  on  the  tibio-tarsus  of  the 
turkey.  Of  the  tarso-metatarsus  only  the  external  articular 
head  is  preserved,  which  head  is  laterally  compressed  and  the 
articular  surface  unusually  flat.  Of  the  first  row  of  phalanges 
those  preserved  are  almost  identical  in  appearance  with  those 
of  a  turkey,  although  larger  and  heavier.  The  proximal  pha- 
lanx of  tlie  fourth  digit  is  complete  and  measures  20"™  long 
by  8™™  wide  at  the  proximal  end.  The  distal  end  has  a  mod- 
erately deep  groove  about  like  that  of  the  fowls.  The  claws 
are  rather  narrow  and  deep,  being  produced  into  a  sharp  point 
and  strongly  curved  so  as  to  suggest  perching  habits.  The 
fourth  claw  measures  13"""  in  length  (at  least  l"'*"  should  be 
added  for  the  tin  broken  off),  5™™  wide  and  7™"  deep  at  the 
articular  end.  The  ridge  or  tongue  on  the  articular  face  is 
low  and  rounded.  Below  this  articular  surface  there  is  a  pro-* 
nounced  projection  for  the  attachment  of  tendons,  evidence  of 
powerful  ligaments  for  controling  the  use  of  the  claws. 

Amherst,  Mass. 
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Art.  XLI. — The  lodometric  Determ,ination  of  Basic  Alu- 
mina and  of  Free  Acid  in  Aluminium  Sulphate  and 
Alums;  by  Seth  E.  Moody. 

[Cbntribntions  from  the  Kent  Chemical  Laboratory  of  Yale  University — cli.] 

In  the  exact  analysis  of  aluminiuin  sulphate  and  commercial 
alums  the  determination  of  the  total  alumina  (soluble)  and  of 
the  free  acid  (the  sulphuric  acid  actually  free  or  present 
in  an  acid  sulphate  in  excess  of  that  amount  needed  to  form 
neutral  salts  with  the  bases  found)  or  of  the  *' basic  alumina" 
(that  amount  of  base  reckoned  as  Al^O,,  left  over  after  all  sul- 
phuric acid  has  been  combined  with  the  bases  found  to  form 
neutral  salts)  is  of  importance. 

This  paper  is  an  account  of  an  attempt  to  apply  an  iodomet- 
ric  process  to  the  determination  of  the  total  alumina  and  the 
free  acid  and  basic  alumina  in  aluminium  sulphate  and  alum. 

It  is  well  known  that  sulphuric  acid  reacts  immediately 
with  potassium  iodide  and  potassium  iodate  in  mixture,  with 
liberation  of  iodine  in  definite  amount,  according  to  the  equa- 
tion, 

3H,S0,  +  5KI  -h  KIO3  =  3K,S0,  -f.  3H,0  +  6l 

The  determination  of  the  free  iodine  by  titration  with  so- 
dium thiosulphate  gives  a  measure  of  the  sulphuric  acid  entering 
into  the  reaction. 

It  has  been  showm  in  previous  papers*  that  various  sulphates 
undergo  hydrolysis  when  boiled  with  water,  and  that  in  pres- 
ence of  the  iodide-iodate  mixture  iodine  is  liberated  propor- 
tionately to  the  sulphuric  acid  thus  formed.  Aluminium 
sulphate  undergoes  complete  hydrolysis  when  boiled  with  the 
iodide-iodate  mixture  for  a  sufficient  length  of  time,  and,  as 
Stockf  has  shown,  the  aluminium  hydroxide  precipitated  in  the 
process  is  especially  adapted  to  filtration  and  gravimetric  deter- 
mination. 

The  decomposition  of  an  aluminium  sulphate  by  this  hydro- 
lytic  process  in  presence  of  the  iodide-iodate  mixture  makes 
possible  the  gravimetric  estimation  of  the  total  alumina  and 
the  iodometric  estimation  of  the  sulphuric  acid  formed  in  the 
hydrolysis.  From  the  results  thus  obtained  it  is  easy  to  calcu- 
late the  basic  alumina  (the  amount  of  alumina  in  excess  of 
that  required  to  form  the  neutral  sulphate)  or  the  free  acid 
(the  sulphuric  acid,  free  or  in  an  acidic  sulphate,  in  excess  of 
that  needed  to  form  the  neutral  sulphate),  as  the  case  may  be. 

♦This  Jour,  xx,  p.  181,  1905. 

f  Ber.  Dtsch.  Chem.  Ges.,  xxxiii,  i,  p.  548,  1900. 
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The  comiDercUl  alnminioiD  snlphates.  iDclndine  tlie  alamE, 
may  contain  snlphatee  other  than  alnmininm  ^nmfaate.  vbieh 
are  I'ueceptible  to  hj-drclviic  action,  Feironji  salphate,  ferric 
salphate  and  zinc  enlpliate  are  common  impurities;  and 
ammoninm  sulphate  is  a  con^titaent  of  ammoDlum  slam. 
The  effect  of  each  of  thei%  snlpliatee  in  liberating  iodine  ha^ 
however,  been  studied.  Pota^inm  salphate  and  sodiam  t^ul- 
pbate,  if  present,  do  not  set  free  iodine  from  the  boiline  soln- 
tion  containing  the  iodide-iodatc  loixtare.  The  determination 
of  (he  ferrous  iron,  tlie  ferric  iron,  the  zinc,  and  the  ammonia 
will  furnish  data  from  which  the  e^iuiralent  amounts  of  sal- 
pharic  acid,  to  be  taken  into  acconnt  in  the  reckoninj;  of  the 
free  acid  or  basic  alumina,  may  be  calculated.  The  behavior 
of  these  commercial  products  toward  the  iodide-iodate  mixture 
ehonld,  therefore,  afford  an  easy  method  of  determining  Imsic 
alumina  or  free  acid,  as  the  case  mav  be. 

E'ollowing  are  details  of 
treatment,  and  the  results  ob- 
tained in  applying  this  method 
of  analysis  to  certain  samples 
of  commercial  alum,  kindly 
■  submitted  for  the  purpose  by 
Dr.  F.  S.  Havens,  whose 
courtesy  I  desire  to  acknowl- 
edge. 

Of  the  finely  powdered 
material  a  portion  of  logrms. 
'  was  weighed  and  treatea  with 
water.  The  solution  was  fil- 
tered and  made  ap  to  1  liter. 
The  material  which  did  not  dissolve  was  dried  at  100°  and 
weighed  as  hisoluhle  maten'al;  of  the  solution  a  portion  of 
25™'  was  titrated  directly  with  standard  potassium  perman- 
ganate to  find  the  amount  of  iron  in  the  ferrous  salt,  and 
from  tliis  was  calculated  the  ferrous  oxide. 

Another  portion  of  25""  waa  reduced  with  zinc  in  the 
usual  manner  and  titrated  with  the  permanganate  to  give  the 
total  iron.  From  tlie  difference  I>etween  the  total  iron  and 
the  ferrous  iron  was  reckoned  the^erric  o.rif/i'. 

To  determine  the  zinc  a  portion  of  25™'  was  diluted  to 
50""',  treated  with  3  grnis.  of  sodium  acetate  and  l™'  of  acetic 
acid,  and  clectrolyzed  with  the  use  of  the  rotating  cathode* 
and  a  current  of  about  2  amperes  for  30  minutes.  The 
deiKisit  of  zinc,  including  gome  iron,  was  washed  with  alco- 
ln)l,  dried  and  weighed.  The  solution  of  the  deposit  in 
sulphuric  acid  was  titrated  with  permanganate,  the  amount  of 
*  This  Joaraal,  xv,  330. 
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iron  thus  found  deducted  from  the  total  weight  of  the  deposit 
to  give  the  amount  of  zinc.  From  the  zinc  was  calculated 
the  zinc  oxide. 

The  next  step  was  to  determine  the  amount  of  iodine  set 
free  by  the  action  of  the  iodide-iodate  mixture.  Of  the  alum 
solution  a  portion  of  25^*  was  drawn  from  a  burette  into  the 
Voit  flask  of  the  distillation  apparatus,  a  solution  (10^"*)  con- 
taining 0*3  grm.  of  potassium  iodate  and  1  grm.  of  potassium 
iodide  was  added,  the  mixture  boiled,  and  the  iodine,  collected 
in  the  receiver  charged  with  water  containing  3  grms.  of  potas- 
sium iodide  (and  acidified  with  sulphuric  acid  in  case  the 
substance  contains  ammonia),  was  titrated  with  sodium  thio- 
sulphate. 

Aluminium  sulphate  undergoes  complete  hydrolysis,  accord- 
ing to  the  equation, 

AliSO  J,  +  5KI  +  KIO,  -f-  3H  O 

=  2Al(OH)3  +  3K,SO,-h6l 

Ferric  sulphate,  like  aluminium  sulphate,  undergoes  complete 
hydrolysis  according  to  the  similar  equation, 

Fe,(SO  J,  +  5KI  +  KIO.  +  3H,0 

=  2Fe(OH)3  +  3K,SO,  +  6l 

Ferrous  sulphate  likewise  undergoes  complete  hydrolysis,  but 
the  ferrous  hydroxide  first  produced  is  oxidized  at  the  expense 
of  the  potassium  iodate  to  form  ferric  hydroxide.  This  sec- 
ondary reaction,  however,  affects  in  no  way  the  amount  of 
iodine  liberated  in  consequence  of  the  hydrolysis. 

3FeS0,  +  6KI 4-  KIO,  +  3H,0  =  3Fe(0HV,  -h  3K.S0,  +  6l 
6Fe(0H), -f  KIO, -h  3H,0  =  6Fe{0H), -f  KI 

Zinc  sulphate,  on  the  other  hand,  does  not  undergo  complete 
hydrolysis*  but  the  insoluble  product  formed  when  a  solution 
containing  zinc  sulphate  and  the  iodide-iodate  mixture  is  boiled 
in  a  one-fifth  basic  sulphate  holding  zinc  and  sulphuric  anhy- 
dride in  proportions  indicated  by  the  symbol  Znj(0II)gS0„ 
and  the  reaction  ma^'  be  expressed  by  the  equation, 

15ZnSO,  +  2KI-h4KIO,-f  12H,0 

=  3Zn,(0H),S0,  +  12K,S0,  +  24l 

Ammonium  sulphate  is  hydrolyzed  on  boiling  with  the  iodide- 
iodate  mixturef  according  to  the  equation, 

3(NHJ3SO,  +  5KI  +  KIO, 

=:3K,SO,-h2NH,  +  6l 

But,  as  has  been  said,  to  collect  and  correctly  measure  the 
iodine,  the  solution  of  potassium  iodide  in  the  receiver 
must  be  acidified  with  a  little  sulphuric  acid. 

*  This  Journal,  xxii,  182,  1906.  X  Ibid. 
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The  iodine  set  free  corresponds  to  the  various  oxides,  to 
ammonia  and  to  salphnrie  acid,  therefore,  in  the  following 
proportions : 


A1,0. 

61; 

Fe,0. 

61; 

FeO 

21; 

6Z11O 

81; 

NH. 

I; 

H.SO, 

:         21; 

The  precipitate  produced  in  the  hydrolysis  contains  after 
ignition  the  total  oxides^  A1,0„  Fe,0„  ZnO.  Practically  it  is 
more  convenient  to  determine  the  total  oxides  in  a  parallel 
process,  carried  on  in  an  open  l>eaker,  from  which  the  pre- 
cipitate may  be  easily  transferred,  rather  than  to  attempt  to 
transfer  and  weigh  the  precipitate  left  in  the  distillation  pro- 
cess. 

Given  the  total  iodine  liberated  in  the  distillation  process, 
the  weight  of  the  total  oxides  obtained  in  the  parallel  boiling 
process,  the  ferrous  oxide  and  ferric  oxide  by  the  perman- 
ganate titrations  and  the  zinc  oxide  deduced  from  the  corrected 
electrolytic  determination,  the  total  alumina  and  the  hasic 
aJyUmina  or  free  acid  (as  the  case  may  be)  are  easily  calculated. 

Total  oxides — (ferric  oxide  +  ferrous  oxide -f- zinc  oxide)  = 
Total  alumina, 

(^A^^^?\  (7-454) X Total  alumina  = 
\      102*2     /      , 

iodine  equivalent  to  total  alumina. 

I  "  169-8     7  ('^*^^')X^^"*c  oxide  = 

iodine  liberated  by  ferric  sulphate. 

(       ^1-0  ~ )  (*^*^^^)  X  ^ferrous  oxide  = 

iodine  liberated  by  ferrous  sulphate. 

V  5X81-47  (2*496)  Xzmc  oxu1e  = 

iodine  liberated  by  zinc  sulphate. 

(1  '^6'97\ 
"        )  (7-469)  X  ammonia  = 

iodine  liberated  by  ammonium  sulphate. 

Total  iodine — (iodine  corresponding  to  total  alumina,  ferric 
sulphate,  ferrous  sulphate,  zinc  sulphate,  ammonium  sulphate) 
=  differential  iodine. 

(98*08      \ 

^=free  acid. 
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Differential  iodine  (if  negative.) 

(102**^     \ 
I  (O'l 34)  zi:  basic  alumina. 
6X12  6-9/  ^  ^ 

The  results  of  analyses  of  four  specimens  of  alums  are  given 
in  the  following  table : 

Tabls. 
Percentage  composition. 
AlaO, 


TotAl. 

^ 

Combined. 

Basic. 

FeO.» 

ZnO. 

NH,. 

Insoluble 
material. 

No.  I 

(1) 

14-48 

13-49 

0-99 

0-43 

3-70 

none 

0-61 

(2) 

14-28 

13-46 

0-82 

0-44 

3-70 

none 

0-61 

No.  11 

(1) 

15-94 

14-21 

1-73 

0-43 

1-47 

none 

0-21 

(2) 

15-90 

14-34 

1-56 

0-45 

1-34 

none 

0-21 

No.  Ill 

(1) 

15-59 

14-81 

0-78 

0-34 

0-73 

none 

0-71. 

(1) 

15-97 

14-80 

1-17 

0-36 

■ 

0-82 

none 

0-71.. 

16-59 

15-24 

1-35 

0-24 

0-11 

none 

0-61 

(2) 

16-37 

15-18 

1-19 

0-24 

0-19 

none 

0-61 

The  writer  wishes  to  thank  Prof.  F.  A.  Gooeh  for  sugges- 
tions of  procedure  during  the  investigation. 

*A  trace  of  iron  in  the  ferric  state  was  found  present  in  each  sample. 
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Art.  XLII. — The  Separation  of  Arsenie  from  Copper  as 
Ammonium-Magnesium  Arseniate ;  by  F.  A.  Gooch  and  il. 
A.  Phelps. 

[Contribution  from  the  Kent  Chemical  Laboratory  of  Yale  UniverHitT — clii.] 

Ix  a  previous  paper*  from  this  laboratory  it  ha«  been  shown 
that  arsenic  in  the  higher  condition  of  oxidation  is  completely 
removed  from  solution  as  the  ammonium  ma^esium  arseniate 
b}'  adding  the  arsenic  in  solution  with  stirring  to  a  sufficient 
excess  of  magnesia  mixture  kept  ammoniacal;  and,  further, 
that  traces  oi  arsenic,  even  in  presence  of  ammonium  salts — 
which  tend  to  dissolve  the  ammonium  magnesium  arseniate — 
may  be  precipitated  by  the  use  of  a  sufficient  amount  of  mag- 
nesia mixture.  The  fact  that  ammonium  magnesium  arseniate 
is  insoluble  in  presence  of  an  abundance  of  magnesia  mixture 
while  many  salts  of  copper  are  soluble  in  ammonia  suggests 
that  arsenic  existing  as  an  arseniate  may  be  separated  from 
copper  in  ammoniacal  solution  by  magnesia  mixture.  The 
ammonium  magnesium  arseniate,  as  has  been  shown,  may  be 
filtered  off  upon  a  mat  of  fine  asl>estos  under  pressure,  in  a 
perforated  platinum  crucible,  and  ignited  to  the  condition  of 
magnesium  pyroarseniate.  Obviously,  the  action  of  the 
ammoniacal  copper  solution  on  cellulose  renders  it  impossible 
to  make  such  an  estimation  by  the  use  of  paper  filters. 

For  the  work  given  here,  solutions  of  arsenic  were  made  by 
dissolving  potassium  dihydrogen  arseniate  in  water  in  definite 
amounts,  and  standardized  by  determining  the  pyroarseniate 
obtained  in  the  manner  described  in  the  former  paper,  referred 
to  above.  Into  an  excess  of  magnesia  mixture  kept  ammo- 
niacal and  contained  in  a  platinum  dish,  a  definite  amount  of 
the  standardized  potassium  dihydrogen  arseniate  solution  was 
added  from  a  burette  with  stirring.  Finally,  a  few  drops  of 
ammonia  were  added  to  make  sure  that  the  solution  at  the  end 
was  distinctly  ammoniacal,  while  at  the  point  of  precipitation 
the  ammonia  was  never  in  marked  excess.  As  soon  as  the 
precipitate  subsided  it  was  filtered  off  on  fine  asbestos  under 
pressure  in  a  perforated  platinum  crucible  ;  but  the  fine  pow- 
dery, crystalline  precipitate  is  so  fine  that  the  preparation  of  a 
firm  mat  of  finest  asbestos  is  a  necessary  precaution  against 
loss  in  filtration.  The  precipitate  remaining  on  the  platinum 
dish  was  removed  with  a  policeman  and  rinsed  with  portions 
of  the  filtrate  into  the  crucible.  The  precipitate  gathered  in 
this  way,  after  carefully  draining  by  pressure,  was  rinsed  with 
just  enough  distilled  water  made  faintly  ammoniacal  to  remove 

*  This  Journal,  ix,  p.  55. 
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any  traces  of  the  magnesia  mixture  left  on  the  precipitate. 
The  residue  in  the  crucible  was  dried  at  low  temperature  over 
a  Bunsen  flame,  and,  when  the  ammonia  had  been  driven  off, 
was  ignited  to  the  condition  of  the  pyroarseniate,  cooled  in  a 
desiccator,  and  weighed. 

The  magnesia  mixture  used  in  all  this  work  was  prepared 
according  to  Blair's  directions.*  That  is — a  solution  one  hun- 
dred and  ten  grams  of  the  purest  magnesium  chloride  of  com- 
merce containing  water  of  crystallization  was  made  in  water  and 
filtered.  Into  this  solution  was  poured  a  sohition  of  fifty-six 
grams  of  the  commercially  pure  ammonium  chloride  in  water 
further  purified  by  treating  it  at  boiling  temperature  with  bro- 
mine water  and  then  with  ammonia  in  faint  excess,  and  filter- 
ing. This  solution,  diluted  to  about  two  liters,  was  made 
ammoniacal  by  the  addition  of  ten  cubic  centimeters  of  strong 
ammonium  hydroxide.  It  was  filtered  after  standing,  and 
was  filtered  again  each  time  as  required  for  the  experiments 
given  below  in  the  tables. 

The  solutions  containing  copper  and  arsenic  from  which  the 
arsenic  was  separated,  were  made  by  treating  the  boiling  solu- 
tion of  pure  copper  sulphate  required  for  each  experiment 
with  ammonium  hydroxide  in  such  amount  that  all  the  copper 
was  kept  in  solution,  then  filtering  on  asbestos  in  a  perforated 
platinum  crucible  under  pressure,  pouring  into  a  platinum  dish 
and  adding  the  arseniate. 

In  experiments  (1)  and  (2)  of  Table  I  the  solution  of  potas- 
sium dihydrogen  arseniate  was  added  from  a  burette  to  the 
ammoniacal  solution  of  purified  copper  sulphate  with  the 
magnesia  mixture  held  in  a  platinum  dish ;  and,  after  stand- 
ing about  two  hours,  the  precipitate  was  filtered  off  on  asbestos 
in  a  perforated  platinum  crucible  under  pressure,  rinsed  with 
the  least  amount  of  distilled  water  made  faintly  ammoniacal, 
20-50*^"',  ih-ied  carefully  over  a  Bunsen  flame,  ignited  after 
the  ammonia  was  removed,  cooled,  and  weighed.  The  results 
shown  by  (3),  (4),  (5),  (6),  (7),  and  (8)  were  obtained  in  the 
same  way  as  in  (1)  and  (2)  excepting  that  the  filtrations  were 
made  as  soon  as  the  precipitates  subsided.  The  first  filtrate 
was  used  to  wash  all  traces  of  the  precipitate  into  the  cruci- 
ble, and  the  precipitate  was  washed  carefully,  but  not  exces- 
sivelv,  with  distilled  water  made  faintly  ammoniacal,  and  then 
driea,  ignited,  and  weighed.  The  results  in  (1),  (2),  and  (3) 
show  that  it  is  possible  to  gather  with  accuracy  any  traces  of 
arsenic  present  in  solution.  The  presence  of  a  compound  of 
copper  in  precipitates  considerable  in  amount  was  shown  in 
some  cases  by  dissolving  the  ignited  pyroarseniate  and  getting 
the  characteristic  blue  upon  addition  of  ammonia  to  the  solu- 

*  The  Chemical  Analyeie  of  Iron,  Blair,  p.  59. 
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Table  I. 


Mg.AsaO 

>T 

Error 
in  terms 
of  arsenic. 

No. 

CnS04 

H,KA804 

MgMx 

Theory 

Found 

^ 

Error 

grm. 

cm*. 

cm*. 

grm. 

grm. 

grm. 

grm. 

(1) 

2 

0-2 

25 

0-0015 

0-0015 

0-0000  ± 

0-0000  + 

(2) 

2 

0-2 

25 

0-0015 

0-0015 

0-0000  ± 

0-0000  + 

(3) 

2 

0-2 

25 

0-0015 

0-0016 

0-0000  ± 

0-0000  + 

(4) 

2 

1 

25 

0-00V7 

0-0086 

0-0009  + 

0-0004  + 

(5) 

2 

5 

25 

0-0386 

0-0415 

0-0029  + 

0-0014  + 

(6) 

2 

10 

50 

0-0766 

0-0798 

0-0032  + 

0-0015  + 

(7) 

2 

50 

50 

0-3830 

0-3922 

0-0092  + 

0-0044  + 

(8) 

2 

60 

100 

0-3830 

0-3910 

0-0080  + 

0-0037  + 

(8) 

2 

60 

50 

0-3830 

0-3967 

0-0127  + 

0-0061  + 

in! 

2 

50 

25 

0-3830 

0-3952 

0-0122  + 

0-0059  + 

2 

50 

50 

0-3830 

0-4120 

0-0290  + 

0-0140  + 

(12) 

2 

50 

60 

0-3830 

0-3960 

0-0130  + 

0-0063  + 

tion.  That  the  copper  found  here  was  not  hydroxide  or  basic 
salt  precipitated  upon  dilution  from  the  arnmoniacal  solution 
is  shown  by  the  results  of  experiments  (9)  to  (12),  in  which 
the  precipitate  gathered  in  the  same  manner  as  the  previous 
ones  was  washed  with  mixtures  of  strong  ammonia  and  water 
— 1:8  in  experiments  (9),  (10),  and  (12),  and  1:5  in  experi- 
ment (11).  In  experiments  (11)  and  (12)  the  precipitate 
was  rinsed  by  decantation  with  faintly  ammoniacal  water,  then 
with  ammonia  and  water  (1 :8)  before  transferring  to  the  filter. 
The  results  make  it  probable  that  copper  is  held  in  combina- 
tion in  the  residue  as  an  arseniate  and  not  as  some  other  com- 
pound of  copper  precipitated  from  the  ammonical  solution  by 
the  water  used  in  rinsing  the  precipitate. 

In  Table  II  are  recorded  results  obtained  by  dissolving  and 
reprecipitating  the  first  precipitate.  In  these  experiments  a 
solution  of  potassium  dihydrogen  arseniate  was  run  from  a 
burette  into  the  solution  of  copper  sulphate  and  magnesia 
mixture  in  a  platinum  dish,  the  precipitate  was  transferred  to 
a  weighed  crucible,  and,  after  rinsing  once  with  distilled  water 
made  faintly  ammoniacal,  was  dissolved  in  hot  hydrochloric' 
acid,  1 : 4.  For  convenience  in  handling  the  solutions  the  filtra- 
tion was  made  into  a  beaker  inside  an  evacuated  bell-jar  rather 
than  into  the  usual  filter  flask.  After  cooling  and  adding 
ammonia  nearly  to  neutrality  the  solution  was  poured  with 
stirring  into  an  abundance  of  magnesia  mixture  kept  con- 
stantly ammoniacal.  The  preci])itate  obtained  in  this  way  was 
gathered  on  the  asbestos  felt  used  for  the  first  filtration,  the 
first  portion  of  the  filtrate  being  employed  in  each  case  to 
remove  the  last  portions  of  the  ammonium  magnesium  arseni- 
ate from  the  platinum  dish.  After  rinsing,  all  traces  of 
reagents  from  tlie  precipitate  vvith  distilled  water  made  faintly 
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ammoniacal,  20-50^"^',  it  was  dried  over  a  low  Bunsen  flame 
until  all  ammonia  was  driven  off,  and  then  iscnited.  The 
weights  of  the  ignited  residues  obtained   after  cooling  in   a 


Table  II. 
MgaAsaOi 


CiiSO* 
grm, 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 


HaE:A804    MgMz 


cm*. 

0-2 
0-2 
1 
1 
5 
5 

10 

10 

25 

25 

50 

50 

100 

100 

100 


cm*. 
25-25 
25-25 
25-25 
25-25 
25-25 
25-25 
25-25 
25-25 
25-25 

100-100 
50-50 
25-25 
50-50 
50-50 

100-50 


Theory 
grm. 

0-0015 
0-0016 
0-0077 
0-0077 
0  0386 
0-0386 
0-0766 
00766 
0-1931 
0-1931 

0-3862 
0*3862 
0-7660 
0-7660 
0-7660 


Found 
grm. 

0-0012 
0  0009 
0-0072 
0-0079 
00389 
0-0383 
0-0754 
0-0754 
0-1927 
01919 
0-3867 
0-3864 
0-7724 
0-7694 
0-7723 


Error 
grm. 

0-0003  — 
0-0006  — 
0-0005  — 
0  0002  + 
0-0003  + 
0-0003  — 
0-0012  — 
0-0012  — 
0-0004  — 
0-0012  — 
0-0005  4- 
0-0002  + 
0-0064 -f 
0-0034 -f- 
00063-f- 


Error  in 

terms  of 

arsenic. 

grm. 

0-0001  — 
0-0003  — 
0-0002  — 
0-0001 -h 
0-0001  + 
0-0001- 
0-0006  — 
O-0006  — 
00002  — 
0-0006  — 
0-0002  H- 
0-0001  -f 
0-0031  -f 
0-0016  + 
0-0030  + 


No. 

(0 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 

(9) 
(10) 

(11) 
(12) 

(13) 

(14) 
(15) 

desiccator,  indicate  that  the  ammonium  magnesium  arseniate  is 
essentially  free  from  copper  in  combination,  except  where  the 
arsenic  is  present  in  amounts  as  large  as  three-tenths  of  a  gram 
or  more.  For  such  amounts  the  second  precipitate  was  dis- 
solved in  hydrochloric  acid  and  reprecipitated  by  pouring  into 
magnesia  mixture  after  cooling  and  making  nearly  neutral. 
This  treatment,  as  is  shown  in  the  results  given  in  Table  II I^ 
gives  the  arseniate  free  from  copper,  in  ideal  condition  as  the 
ammonium  magnesium  arseniate. 

Where  the  amounts  of  arsenic  were  very  small  it  was  a 
matter  of  difficulty  to  recover  the  arsenic  after  solution  in 
hydrochloric  acid  m  such  volumes  as  are  necessary  in  every 
case  where  resolution  is  made — from  100-300'^'"*— although  in 
some  cases  the  solution  was  made  distinctly  ammoniacal  before 
pouring  into  the  magnesia  mixture,  stirred  about  five  minutes 
to   help   bring  the   crystals   out  of   solution  and   allowed    to 


Table  III. 

MgaASaOr 

Error  in 

X, 

terms  of 
arsenic. 

No. 

CaSO* 

HaKAsO^       MgMx 

Theory 

Found 

Error 

grin. 

cm^.              cm^. 

gnu. 

grm. 

grm. 

grm. 

(^) 

2 

50          50-  50-50 

0-3830 

0-3822 

0-0008  — 

0-0004  — 

(2) 

2 

100          50-  50-50 

0-7660 

0-7653 

00007— 

0-0003  — 

(3) 

2 

100          50-  50-50 

0-7660 

0-7656 

0-0004  — 

0-0002  — 

(4) 

2 

100        100-100-100 

0-7724 

0-7726 

0-0002  + 

0-0001  + 
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stand  over  night  before  filtering.  In  such  cases  it  was  found 
that  wlien  the  solution  of  arsenic  and  magnesia  mixture  with 
ammonia  in  distinct  excess  was  frozen,  by  putting  the  platinum 
dish  containing  the  mixture  into  a  good  freezing  mixture  of 
fine  ice  and  salt  for  five  minutes,  the  ammonium  magnesium 
arseniate  was  precipitated  out  during  the  freezing  and  remained 
as  a  precipitate  after  the  frozen  mass  was  melted.  In  experi- 
ments (1)  to  (6)  of  Table  IV  the  precipitates  were  obtained  in 
this  way.  In  every  case  the  precipitate  was  filtered  off  on  a 
finii  mat  of  finest  asbestos,  ignited  after  careful  drying,  and 
weighed.  In  experiment  ^7),  made  in  blank,  no  precipitation 
occurred.  Ex}>eriments  (5),  (6),  and  (10)  show  that  it  is  possi- 
ble to  recover  satisfactorily  the  traces  of  arsenic  even  in  pres- 
ence of  ammonium  chloride  in  larger  amount  than  would  be 
necessary  in  the  ordinary  processes  of  analysis;  and  experi- 
ments (8),  (9),  and  (10),  show  that  double  precipitation  does 
not  affect  unfavorably  the  delicacy  of  the  process. 

The  work  as  given  above  shows  that  arsenic  in  the  higher 
condition  of  oxidation  may  be  separated  as  ammonium  mag- 
nesium arseniate  from  copper  in  ammoniacal  solution.  When 
the  amounts  of  arsenic  present  are  more  than  a  few  milli- 
grams two  prefjipitations  are  necessary.  Up  to  two-tenths  of 
a  gram  of  arsenic  two  precipitations  are  sufficient.  When 
the  amount  of  arsenic  exceeds  two-tenths  of  a  gram,  three 
precipitations  are  requisite.  If  the  arsenic  is  present  in 
amounts  as  small  as  five  milligrams,  or  less,  when  much  stirring 


Table  IV. 


MgaAsiOi 


No.  CUSO4  HaKAsO*  MgMxNH4Cl  Theory 


(1) 

;2) 
>) 

(4) 

>) 

(7) 
(8) 

(») 
(10) 


grm. 


2 
2 

2 
2 


cm* 

0-2 

0-2 

1 

1 

0-2 

1 

0-2 
0-2 
0-2 


cm* 

25 

25 

25 

50 

25 

25 

25 

25-25 

25-25 

25-25 


grm. 


10 
10 


10 


grm. 
0-0015 
0-0015 
0-0077 
0-0077 
0-0015 
0-0077 

0-0015 
0-0015 
0-0015 


Fonnd 
grm. 

0-0014 
0-0017 
0-0078 
0-0076 
0-001.3 
O'OOTO 

0-0015 
0-0015 
00012 


Error 
grm. 

0-0001  — 
0-0002  -h 
0-0001  -h 
0-0001  — 
0-0002  — 
0-0007  — 

0-0000  ± 
0-0000  ± 
0-0003  — 


Error 
in  terms 
of  arsenic, 
gram. 

0-0000  ± 
0-0001  + 

o-oooo± 

0-0000  ± 
00001- 
0-0004- 

0-0000± 

o-oooo± 

0-0001  - 


is  required  to  bring  about  crystallization,  it  is  decidedly  advan- 
tageous and  even  necessary  in  dilute  solutions,  especially  if 
containing  ammonium  chloride,  to  freeze  the  mixture.  The 
precipitate  obtained  by  pouring  into  magnesia  mixture  the 
cooled  solution  of  the  arseniate  in  hydrochloric  acid,  in  the 
manner  described,  is  the  ammonium  magnesium  arseniate  of 
ideal  constitution ;  and  this  by  ignition  after  carefully  drying 
until  all  ammonia  is  driven  off  yields  magnesium  pyroarseniate 
responding  to  the  amount  of  arsenic  m  solution. 
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Art.  XLIII. — Contributions  to  the  Geology  of  Ntw  Hamp- 
shire :  No,  11^  Petrography  of  the  Belknap  Mountains ; 
by  L.  V.  P1R88ON  and  H.  S.  Washington. 

[Continned  from  p.  457.] 

Gilfordal-camptonose, 

The  rock  mass  forming  the  west  lower  slope  of  Locke's  Hill 
has  been  described  in  respect  to  its  geologic  relations  in  the 
preceding  paper  on  this  region  under  the  held  term  of  diorite. 
While  the  mass  shows  some  variation  in  structure  and  in  min- 
eral composition  in  places  and  especially  so  near  the  southeast 
border,  there  is  a  certain  type  which,  because  it  strongly  dom- 
inates and  has  certain  strikingly  peculiar  features,  impresses 
itself  as  the  characteristic  one  of  the  area.  The  description  of 
this  rock  type  is  as  follows : 

Megascopic. — Phanerocrystalline ;  medium  to  coarse  grain  ; 
dark  gray  to  black;  composed  chiefly  of  roughly  equidimen- 
sional,  anhedral,  black  hornblendes  from  1-2*^"*  in  diameter,  so 
thickly  crowded  with  short  rough  tables  and  anhedral  masses 
of  dull  white  feldspar  from  2-3°"°,  which  they  poikilitically 
enclose,  that  there  generally  appears  almost  as  much  feldspar 
as  hornblende;  interspaces  between  the  nearly  juxtaposing 
hornblendes  tilled  witn  granular  masses  of  the  same  feldspars 
and  black  ferromaguesian  minerals  of  similar  size  of  grain 
2_3inm  Contact  facies  similar  but  of  finer  grain,  the  large  horn- 
blendes from  3-6"°  in  diameter;  contains  rare  specks  01  pyrite. 
Fabric  subporphyritic  and  poikilitic  granular ;  fracture  tough. 

Mic7*oscopic, — Hornblende,  augite  and  plagioclase  essential ; 
biotite,  iron  ore,  titanite,  pyrite,  apatite  accessory;  chlorite, 
muscovite,  epidote  and  gothite  secondary ;  scapolite  local, 
secondary. 

A  ugite^  short  columnar  prismoids,  010,  100  and  110,  poorly 
developed ;  extinction  angle  greater  than  40° ;  pleochroic  c 
and  b  pale  rose-red,  a  pale  brownish-yellow ;  varies  in  depth 
of  color,  sometimes  nearly  colorless  with  pale  greenish  tone ; 
contains  inclusions  of  the  brown  hornblende  mentioned  below 
in  parallel  position  as  original  intergrowths. 

Ilomhlende  in  irregular  masses,  anhedral;  includes  all  the 

other   minerals,   especially    feldspar ;    strongly   pleochroic ;   c 

umber-brown,   b   olive  brown   and    a    pale    brownish-yellow; 

absorption  marked,  c>  b>  a ;  angle  of  c  on  c  about  18° ;  double 

refraction  c-o  about  0'020 ;  it  varies  into  a  green  variety  which 

exists  also  in  independent  masses  but  is  not  so  common  and  is 

then  in  small  individual  grains,  c  and  b  olive-green  and  a  pale 

brownish-yellow.     Cleavage  good. 

Am.  Joob.  Sci. — Fourth  Series,  Vol.  XXII,  No.  182.— December,  1906. 
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Plagioclase  in  short  thick  tables  and  laths :  mostly  anorthite 
but  often  zonal  with  varying  mantles  of  labradorite ;  Carlsbad 
and  albite  twinning  general;  altering  in  spots,  mainly  in  the 
contact  facies,  into  scapolite,  which  fills  the  interstices  between 
the  other  minerals.  Feldspars  embedded  ophitically  in  horn- 
blende, less  commonly  in  biotite  and  augite. 

Biotite  varies  locally  in  amount;  m  roughly  developed 
tables  up  to  l™"" ;  ordinary  brown  variety  and  strongly  pleo- 
chroic;  slight  variable  openings  of  axial  cross;  of  uniform 
coloration  and  not  zonal ;  intergrown  with  augite  and  horn- 
blende and  may  include  any  of  the  other  minerals;  altering  in 
places  into  chlorite  and  epidote,  or  into  muscovite. 

Iron  ore  in  anhedral  to  subhedral  grains,  sometimes  includ- 
ing cores  of  pyrite ;  rarely  altering  into  a  deep  reddish  semi- 
transparent  substance  assumed  to  be  gothite ;  older  than  and 
enclosed  in  the  other  minerals. 

Titanite  in  irregular  grains,  anhedral ;  sometimes  aureoling 
iron  ore;  sometimes  in  masses  tilling  angular  interspaces 
between  automorphic  feldspars;  sometimes  independent  in 
form. 

Apatite  not  especially  abundant ;  in  the  usual  prismoid  crys- 
tals enclosed  in  other  minerals. 

Scapolite  occurs  locally  distributed  and  appears  to  be  chiefly 
if  not  entirely  confined  to  areas  near  the  contact.  It  forms 
irregular  masses  filling  the  interspaces  between  other  constitu- 
ents, and  its  mode  of  occurrence  and  relations  to  the  feldspars 
show  clearly  that  it  is  of  secondary  origin  and  formed  at  tneir 
expense.  From  this  it  follows  that  it  probably  belongs  to  the 
meionite  end  of  the  series.  It  is  easily  identified  by  its  very 
definite  optical  properties. 

Chemical  Composition. — The  chemical  composition  of  this 
rock  is  shown  in  No.  I  of  the  adjoining  tables  of  analyses. 
For  reasons  previously  stated,  it  was  made  upon  a  specimen 
not  far  from  the  border  and  representing  rather  more  the  bor- 
der facies  than  the  main  type.  As  this  contains  more  biotite, 
as  shown  in  the  descriptions  of  the  mode,  the  water  is  largely 
constitutional,  as  hydroxyl  in  the  biotite  and  hornblende,  and 
is  not  to  1)6  regarded  as  a  necessary  sign  of  alteration. 

The  striking  features  of  this  analysis  are  the  Jow  silica  and 
alkalies  with  the  high  alumina  and  bivalent  oxides.  It  is  clear 
that  a  magma  of  this  character  would  form  chiefly  ferromag- 
nesian  minerals  and  labradorite.  Especially  notable  is  the  large 
amount  of  iron. 

For  comparison  the  analyses  of  three  other  rocks  (Nos.  II, 
III  and  Yll)  which  are  composed  of  similar  minerals,  and  which 
in  the  prevailing  classification  would  be  termed  essexites,  are 
given.     It  has  features  of  agreement  with  them  and  also  differ- 
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Analyses  of  CAaiPTONOSE  and  belated  Hocks. 


I. 

11. 

m. 

IV. 

V. 

VI. 

Vll. 

SiO,...- 

43-94 

46-99. 

43-65 

42-73 

41-63 

•732 

45-32 

le-iY 

17-94 

11^48 

14-50 

13-26 

-169 

18-99 

Fe.O.  .. 

3-96 

2-56 

6-32 

4-03 

319 

•025 

3-78 

FeO  ... 

30-06 

7-56 

8-00 

7-28 

9-92 

•140 

9-78 

MgO... 

5-05 

3-22 

7-92 

5-46 

7-31 

•126 

4-68 

CaO..-- 

9-59 

7-86 

14-00 

8-46 

8-86 

-171 

919 

Na.O... 
K.6.... 

2-93 

6-35 

2-28 

311 

2-49 

•047 

3-78 

1-51 

2-62 

151 

2-28 

3-32 

•016 

2-12 

HOllO° 

+  1-42 

0-65 

1-00 

3-08 

1-35       . 

•  »  »  M 

0-31 

KOllO** 

-0-13 

•      «      M       M 

^  ^    ^   m 

0-36 



>  «  —  • 

0-09 

CO,.... 

0-09 

«      »       »      W 

•    *    •    • 

3-76 

5-20 

•002 

•  ■•  •  — 

TiO,  ... 

4-13 

2-92 

1-09 

4-30 

3-95 

•052 

1-94 

P,0   ... 

0-69 

-94 

trace 

•63 

? 

•005 

«  «  w  w 

s  ...... 



•18 





CI 

.... 

.... 

.... 

trace 

w  «■  «  « 

•  «  «  • 

.... 

Cr,0,... 

«... 

.... 

.... 

none 

«  »  »  « 

«  >    «  • 

.... 

Nib.... 

.... 

...» 

.... 

trace 

^    ^     ^    w 

•  w  «  w 

.... 

MnO... 

tr 

tr 

.... 

•19 

-27 

k    w    w    « 

«... 

BaO.... 

none 

Done 

100-16 

trace 



Total . .  - 

99-67 

99-60 

100-65 

100-75 

99-98 

0-S... 





.... 

-05 

100-60 

.  1.  Gilfordal-camptonose  (essexite).  West  foot  of  Locke's  Hill, 
Belknap  Mts.  New  Hampshire.     H.  S.  Washington  analyst. 

II.  Hornblende  grano-essexose  (essexite).  Salem  Neck,  Mass. 
H.  S.  Washington  analyst  (Jour.  Geol.  vii,  p.  57,  1899). 

III.  Grano-liraburgose.  Brandberget,  Gran,  Norway  ;  (Brogger, 
Quar.  Jour.  Geol.  Soc,  vol.  50,  p.  19,  1894).     L.  Schmelck  anal. 

IV.  Hornblende  phyro-camptonose.  Summit  of  Mt.  Gunstock, 
Belknap  Mts.  New  Hampshire.     H.  S.  Washington  analyst. 

V.  Hornblende  ourose  (caraptonite).  Livermore  Falls,  Camp- 
ton,  New  Hampshire.  G.  W.  Hawes  (this  Jour.  (3),  vol.  xvii, 
147,  1879). 

VI.  Molecular  ratios  of  No;  1. 

VII.  Hornblende  grano-salemose  (hornblende  gabbro).  Salem 
Neck,  Mass.     H.  S.  Washington  (Jour.  Geol.  vii,  p.  63,  1899). 

ences;  the  rock  of  No.  VII,  described  by  one  of  us,  is  most 
nearly  like  it.  Further  discussion  of  this  point  is  deferred  until 
the  classification  is  taken  up.  It  is  to  be  noted  how  closely  it 
resembles  in  composition  the  camptonose  dike  rocks  of  this  area 
as  shown  by  a  comparison  witli  No.  IV,  and  indeed  it  is  essen- 
tially the  same  type  of  magma  as  that  which  furnishes  the  rocks 
classified  in  general  as  camptonites.  This  is  seen  from  the 
analysis  by  Hawes  of  one  from  the  type  locality.     Brogger* 

*Ba8io  Eruptive  Rocks  of  Gran,  Qnar.  Jour.  Geol.  Soc.,  1,  p.  26, 1894. 
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has  already  shown  the  close  relationship  between  the  rocks 
classed  as  camptonites  and  essexites,  showing  that  the  former 
could  be  derived  from  the  latter  bv  differentiation,  and  that 
since  the  volume  of  the  complementary  bostonite  is  relatively 
small,  that  of  the  essexite  and  camptonite  are  practically  alike. 
If  indeed  in  Gran  the  essexite  magmas  had  been  subjected  to 
the  same  processes  of  cooling  and  crystallization,  in  undiffer- 
entiated condition,  as  those  which  produced  the  camptonites,  it 
can  scarcely  be  doubted  that  they  would  have  produced  essen- 
tially similar  rocks  which  would  also  be  termed  camptonites. 

Mode,  —  The  mode  or  actual  mineral  combination  was 
determined  by  Rosiwal's  method.  For  the  coarse-grained  type 
of  the  main  mass  a  large  section  measuring  30xi0'°™  of  rock 
surface  was  used  and  a  distance  of  200  times  the  average  grain 
was  traversed.  The  border  facies  was  also  measured  and  the 
results  obtained  are  given  in  the  table. 

Vol.  per  cents.  Weight  per  cents. 

Border.       Main.         Border.      Main. 

'      Apatite 1-9  0*6  1*9  0*6 

Titanite    0-3  2*2  0-3  2*2 

Iron  ore 4  5  7.7  7*6  12-6 

Pyroxene.. 4-3  15*8  4*6  16-1 

Biotite 10-7  3-3  10*4  3-1 

Hornblende 27*6  26-3  30*6  27*9 

Plagioelase 47*1  43-6  416  36-6 

Seapolite 2-9        2*4         

Epidote 0-6         0-6         

Chlorite 0*6         0*6 

Total 99-9        100-0       100*0  99-6 

Classification  in  the  Quantitative  System. — The  calculation 
of  the  norm  of  this  rock  from  the  analysis  and  the  determina- 
tion of  its  systematic  position  are  given  in  the  subjoined  table. 

Norm. 

Or     ..      8-90         Sal  59-0       ,  ^       ^,        ^   «  ,- 

Au         oo.ni         T^ =  777^-^  =  1 '5  =  Class  3,  Salfemane 

Ab    ..   22-01  Fern         39*2 

An     ..  26-69  L            1-4                                  e    n   ii 

Ne  . . .  1-42  F'  =  57-6  =  ^"^^  =  ^'^^'  ^'  ^^"^""^ 

Di  ...  13-38  K,0'  +  NaO'        63       ^  ^^       -. 

Ol   ...  10  47  '    ^^^r^— =^g  =  0-66,  =  Uang3,Camptonafle 

Mt...     5-80         KO'  16       ^^,         ^,  ,     ^ 

II    ...     7-90         N^  O'"  ~  47  "         '  ~  Subrang  4,  Camptonose 

Ap    ..      1-68 
Rest   .      1-64 


Total..  99-89 
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In  the  mode  the  orthoclase  and  part  of  the  olivine  of  the 
norm  have  united  to  form  biotite,  wnile  the  hornblende  of  the 
mode  is  made  iip  from  some  of  the  normative  olivine,  diopside, 
magnetite  and  anorthite  and  probably  it  contains  some  or  all 
of  the  nephelite  as  well.  This  is  only  another  illustration  of 
the  complex  nature  of  the  hornblende  molecule. 

The  mode  is  thus  abnormative,  containing  a  notable  amount 
of  hornblende  and  some  biotite.  The  fabric,  as  has  been 
shown,  is  granular  and  pseudoporphyritic  or  poikilitic.  If 
one  wished  to  characterize  all  of  these  features  in  the  name 
it  would  become  biotitic  hornblende-grano-phyro-camptonose, 
but  more  simply  it  is  homblende-poikilo-camptouose.  As, 
however,  the  fabric  and  other  characters  of  the  rock  are  so 
peculiar  and  striking,  it  has  been  thought  best  to  erect  this 
rock  into  a  distinct  type,  on  which  the  name  of  gilfordal 
camptonose  is  bestowed,  the  type  adjective  being  derived  from 
the  village  of  Gilford  near  the  type  locality. 

Classification  in  the  older  systems, — In  these,  if  one  con- 
siders merely  the  qualitative  statement  of  the  chief  minerals 
of  the  rock,  that  it  is  composed  mainly  of  plagioclase  and 
hornblende,  it  would  be  termed  a  diorite;  it  we  take  into 
account  also  its  basic  chemical  character,  and  the  large  amount 
of  lime,  iron  and  magnesia,  it  would  be  considered  rather  a 
hornblende  gabbro;  if  there  is  also  considered  the  nature  of 
the  hornblende,  the  presence  of  the  pyroxene  and  biotite  and 
the  association  of  the  rock  with  alkalic  syenites  and  with 
camptonites  and  its  close  chemical  and  mineral  correspondence 
with  the  latter,  it  would  fall  in  Rosenbusch's  family  of  essex- 
ites.'  It  has,  it  is  true,  less  alkalies  than  most  of  these  rocks 
show,  but  it  is  also  to  be  noted  that  under  the  heading  of 
granular  rocks,  composed  chiefly  of  basic  plagioclase  and 
brown  barkevikitic  hornblende,  associated  with  alkalic  rock 
complexes,  types  which  diflfer  quite  widely  among  themselves 
in  various  chemical  features  have  been  grouped  as  essexites. 
This  is  seen,  for  example,  in  the  table  oi  analyses  in  Rosen- 
busch's Elemente  der  Gesteinslehre  and  our  analysis  agrees  in 
each  of  its  features  with  some  of  those  there  given. 

Fades  of  the  grano-camptonose  (essexite)  mass. 

At  the  southwest  foot  of  Locke's  Hill  the  bench,  which 
along  the  western  side  forms  the  top  of  the  camptonose  area,  is 
cut  oflf  by  a  ravine,  and  at  this  point,  as  previously  mentioned, 
both  it  and  the  pulaskose  (syenite)  are  in  contact  with  the 
gneisses.  Above  this  on  the  bench  are  outcrops  forming  line 
exposures  of  the  salfeniic  rocks,  and  it  may  be  seen  here  that 
locally  the  camptonose  passes  into  phases  of  an  even  granular 
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dioritic-appearing  rock  in  which  the  large  poitilitic  horn- 
blendes are  much  restricted  in  amount  or  even  entirely  dis- 
appear. There  is  also  considerable  variation  in  grain.  One 
specimen  shows  a  granular  rock  with  black  and  white  minerals 
evenly  mixed  in  very  nearly  equal  amounts,  the  size  of  grain 
from  2-4™".  The  white  mineral  is  feldspar,  the  black  mostly 
hornblende,  with  some  augite  and  here  and  there  bronzy 
lustered  biotites.  In  other  places  the  rock  is  the  same  but  of 
much  finer  grain.  Under  tne  microscope  the  same  minerals 
are  seen  as  in  the  gilfordal  camptonose  but  in  more  variable 
amounts.  Biotite  is  generally  much  more  abundant;  the 
brown  hornblende  in  places  yields  to  a  green  variety.  Other- 
wise the  minerals  need  no  especial  comment.  Their  relative 
proportions  are  variable  and  in  one  case  the  passage  into  a  dis- 
tinctly salic  phase  was  noted,  the  rock  containing  an  excess 
of  feldspar,  much  of  which  is  alkalic.  Detailed  study  and 
analysis  of  the  different  facies  at  this  place  would  undoubtedly 
show  varieties  bordering  upon,  or  in,  monzonase  (monzonite, 
diorite  and  perhaps  akerite  of  the  older  classifications),  but 
these  facies  are  of  such  restricted  volume  and  confined  to  such 
a  limited  area,  and  play  so  small  a  role  in  the  general  petrog- 
raphy of  the  region,  that  it  has  seemed  scarcely  of  value  to 
undertake  a  complete  chemical  and  petrographic  investigation 
of  them.  They  are  so  involved  with  what  we  consider  the 
later  irruptions  of  persalic  magma  described  under  the  head- 
ing of  breccia,  that  from  the  field  exposures  nothing  more 
definite  can  be  worked  out  than  that  they  are  distinct  differ- 
entiation facies  of  the  camptonose  as  stated  above. 

Hampshiral  camptonose   (camptonite). 

Basaltic  dikes  of  salfemic  rocks  are  rather  numerous  in  the 
area  and  a  number  of  localities  in  which  they  have  been  found 
are  mentioned  in  our  previous  paper.  They  are  all  composed 
of  rocks  made  up  of  a  brown  barkevikitic  hornblende  and 
plagioclase  which  fall  under  camptonose  or  adjacent  subrangs, 
or  are  camptonites  in  the  older  systems.  One  of  these  which 
affords  the  best  preserved  material  occurs  on  the  southwest 
side  of  Mt.  Belknap,  near  the  top,  cutting  a  steep  slope  of 
syenite  which  is  well  exposed  above  the  hillside  pasture  fields. 
The  dike  is  about  3  feet  wide  with  a  pronounced  columnar 
structure  and  is  exposed  for  about  100  yards.  A  specimen  of 
this  was  selected  as  a  type  for  detailed  study,  measurement 
and  analysis. 

Megascopic, — Phancrocrystalline  to  aphanitic  ;  very  dark 
stone-gray ;  thinly  sprinkled  with  minute  white  dots  0*25- 
-j^.QQmm  jj^  diametcr  (calcite  fillings) ;  the  compact  to  fine- 
grained mass  abundantly  tilled  witli  slender  dark  glistening 
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needles  2-3""  long  (hornblende);  tough,  with  a  somewhat 
hackly  fracture;  on  exposed  surfaces  altering  to  a  leather 
brown  crust  dotted  with  black  hornblende  needles. 

Microscopic. — Hornblende  and  plagioclase  essential;  iron 
ore  and  apatite  accessory ;  calcite  and  chlorite  secondary. 
The  homhUnde  is  present  in  two  generations;  the  larger 
average  about  l-SO""  in  length  by  0-40""  in  breadth,  the 
smaller  about  0*25  by  0*05.  There  are  many  gradations 
between  them.  Except  in  size  they  are  alike  in  other  respects, 
rather  long  columnar  in  development  with  110  and  010  well 
developed,  good  terminals  lacking.  It  is  strongly  pleochroic  ; 
c  and  b  rich  leather-brown j  a  pale  ocher  yellow;  absorption 
marked  c  =  b  >  a.  Angle  of  extinction  c  on  c  =  18°.  The  min- 
eral includes  a  little  iron  ore  and  is  very  fresh  and  unaltered 
save  in  a  few  spots  where  it  is  changed  to  chlorite.  The  pjUtgio- 
clase^  as  the  average  of  several  determinations  by  Michel-Levy's 
method  shows,  is  a  labradorite  of  about  the  composition  Ab,  An,. 
Its  form  is  that  of  slender  laths  whose  dimensions  are  similar  to 
those  of  the  small  hornblendes  mentioned  above.  Both  Carls- 
bad and  albite  twinning  occur.  A  few  sporadic  larger  crystals 
of  the  same  characters  but  in  size  like  the  larger  hornblendes 
were  observed.  The  smaller  feldspars  are  often  coated  with 
films  of  an  isotropic  substance  which  also  fills  minute  spaces. 
Its  nature  could  not  be  ascertained,  but  presumably  it  is  anal- 
cite  and  its  association  with  calcite  leads  to  the  supposition 
that  it  is  secondary. 

The  tTvr^  ore  \s>  in  small  grains  '05  to  -10""  in  diameter, 
peppered  everywhere  through  the  rock,  sometimes  agglom- 
erated into  larger  lumps  ana  often  beading  the  edges  of  the 
hornblendes.  Apatite  occurs  in  minute  needles  of  the  charac- 
ter usual  in  such  rocks. 

Calcite  is  found  liberally  sprinkled  through  the  mass  in 
very  minute  pieces  occupying  little  angular  interspaces  between 
the  feldspars  and  other  minerals ;  in  these  cases  it  does  not 
appear  as  an  ordinary  alteration  product  since  the  adjoining 
minerals  are  fresh,  but  rather  as  an  infiltrated  material,  if  it 
is  not  indeed  an  original  component.  In  a  few  places,  how- 
ever, it  is  agglomerated  into  masses  which  from  their  outlines 
and  general  appearance  are  evidently  pseudomorphs  of  a  former 
mineral,  apparently  augite,  a  few  crystals  of  wnich  about  the 
size  of  the  larger  hornblendes  were  originally  present.  This 
seems  to  indicate  that  probably  the  calcite  is  to  be  regarded 
as  secondary.  These  sporadic  augites  are  the  only  minerals  in 
the  rock  which  have  suffered  any  considerable  alteration — the 
others  being  in  good  condition. 

Mode. — The  quantitative  mineral  composition  as  determined 
by  the  Kosiwal  method  is  as  follows  : 
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VoIb.  Weights. 

Apatite 1*9  18 

Iron  ores 6*4  10*8 

Hornblende    31-7  34-9 

Plagioclase 53*2  46-6 

Calcite 6-7  5-8 

Total 99-9  99*9 

The  amount  of  apatite  is  undoubtedly  too  low,  for,  as  may 
be  seen  in  the  norm,  the  phosphoric  acid  demands  about  2  per 

Analyses  of  Camptonosb  and  related  Rocks. 

I          n         ni         IV  V          VI       vn 

SiO,...     42-73       41-63       41-94       48-22  46*59       44*22        '713 

A1,0,..      14-50        13-26        15-36        1427  17-55        12-73        -142 

Fe,0,  .        4-03          3-19          3-27          2-46  1-68          568        -025 

FeO...        7-28         9-92         9-89         900  10-46         5-18       -101 

MgO.-        5-46         7-31          5-01          6-24  776         6*98       -137 

CaO...        8-46          8-86          9-47          8-45  10-64       11-57        -151 

NaO..       311         2-49         6-15         290  3-31          2-12        050 

K,0.-.        2-28         3-32          0-19          1-93  072          1*71        '023 

H,OllO*'  +  3-08       '  1-35  3-29  166  0-10  274       

H,OllO**-0-36         0-28         0-07         

CO,  -,-       3-76         5-20         2-47  0*15         3-66       

TiO,  .-        4-30         3-95          4-15          2-79  141          2-50        -054 

P,0,  -.        0-93         0-64         1-05        -006 

S 0-18         

CI tr 0-10         

CuO none        tr.  

NiO...         tr 0-03         

MnO.-        0-19         0-27  0-25  0-20         0'45 

BaO...        tr 0-04        


100-65  99-80 

0=S.-  -05         0  =  C1,F      0-04 


Total..     100-60    100-75     100-44        99*76     10029     100-59 

I.  Hampshiral-camptonose  (camptonite).  Mt.  Belknap.  H.  S. 
Washington  analyst. 

II.  Augite-ourose  (diabase).  Livermore  Falls,  Campton,  N.  H. 
G.  W.  Hawes  analyst.     (This  Jour.  (3),  vol.  xvii,  p.  150,  1879.) 

III.  Hanipshiral-livermorose  (camptonite).     Ibidem. 

IV.  Hampshiral-camptonose  (camptonite).  Mt.  Ascutney,  Ver- 
mont. Daly  (Bull.  209  U.  G.  Geol.  Surv.  1903,  p.  87).  W.  F. 
Hillebrand  analyst  (includes  Zro„  -03  ;  F,  -05  ;  FeS,  -36). 

V.  Hampshiral-auvergnose  (camptonite).  Salem  Neck,  Mass. 
Washinglon,  (Jour.  Geol.  vii,  p.  285,  1899.) 

VI.  Hampshiral-camptonose  (camptonite).  Kjose  Aklungen, 
Norway.  BrOgger  (Erup.  Gest.  Krist.  iii,  p.  51,  1899).  L. 
Schmelck  analyst. 

VII.  Molecular  ratios  of  No.  I. 
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cent  of  the  mineral  to  be  ^present ;  this  is  due  to  the  fact  that 
the  needles  of  the  mineral  are  excessively  minute  and  cannot 
be  measured  accurately.  In  the  same  way,  many  tiny  flecks 
of  calcite  also  escaped,  and  this  is  probably  also  low.  With 
the  feldspar  is  included  a  small  amount  of  isotropic  base  pre- 
viously mentioned.  All  of  these  errors  are  small,  however, 
and  the  result  shows  the  rock  made  up  of  iron  ore,  horn- 
blende and  plagioclase  in  about  the  proportions  given. 

Chemical  Composition. — This  is  shown  in  analysis  No.  I  of 
the  above  table.  In  Nos.  II-V  are  given  for  comparison 
analyses  of  rocks  of  similar  mineral  composition  and  occur- 
rence which  are  either  in  camptonose  or  immediately  adjoin- 
ing subrangs.  They  are  all  classed  as  camptonites  in  the  older 
systems.  These  are  from  the  New  England  province  and 
there  is  a  strong  resemblance  between  them  in  essential  fea- 
tures. In  No.  Ill  the  total  alkalies  are  about  the  same  as  in 
the  others,  but  the  soda  very  strongly  predominates,  throwing 
the  rock  over  into  the  persodic  subrang  in  the  lendofelic  order 
(III,  6.3.5),  which  is  as  yet  unnamed,  but  for  which  we  pro- 
pose the  name  of  livermorose,  from  the  locality  of  Livermore 
Falls.  Under  the  head  of  rocks  which  have  been  classed  as 
camptonites  in  the  qualitative  systems,  it  will  be  found  by  a 
study  of  the  analyses  that  types  have  been  classed  together 
which  show  quite  wide  divergences  in  chemical  composition. 
When  one  recalls,  however,  tnat  the  type  in  such  systems  is 
based  mineralogically  upon  the  association  of  plagioclase  with 
a  relatively  large  amount  of  brown  hornblende,  this  is  not  to 
be  wondered  at,  for  these  brown  hornblendes  present  as  large 
a  range  of  chemical  variation  as  can  usually  be  found  under 
the  heading  of  a  single  mineral  name. 

CUissiJication. — In  the  quantitative  system  the  norm  of  the 
rock  and  its  position  are  as  follows : 

T^j =  -- — -  =1*5  (3),  Salfemane 

Fem         37-04  ^  " 

L  3-12  ^       /  X    ^  „ 

"ET-  =  TTTw::  =  0-059  =  (5),  Gallare 
F         62-68  ^  '' 

(j^Q/  =  63  ~  ^'^  ~  ^^^'  Camptonase 

K,0'  24  ,  ,    ^ 

y^Q/    =  55  =  ^'^®  =  (^)'  Camptonose 


Norm 

Or    .. 

Ab    .. 

13-34 
20-44 

Ne    .- 
An    .. 

3-12 
18-90 

Di  ... 
Ol  ... 

13-90 
711 

Mt... 
11.... 

6-80 
8-21 

Ap    .. 
Rest.- 

2.02 
7-67 

Total, 

100-41 
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The  mode  is  abnormative  and  hornblende  is  the  critical 
mineral.  In  texture  the  rock  is  trachytic  though  not  of  a 
typical  character;  in  fabric  it  is  megaporphyritic  and  hence 
it  may  be  termed  a  homblende-tracliiphyro-camptonose.  In 
the  prevailing  systems  the  rock  is  a  typical,  fine-grained  camp- 
ton  ite. 

To  distinguish  this  alferphyric  type  of  the  camptonose  and 
other  closely  related  magmas,  characterized  largely  by  the 
abundance  of  highly  automorphic,  brown  hornblende  pheno- 
crysts,  and  which  rocks  are  called  camptonites  in  the  prevail- 
ing systems,  we  propose  the  adjective  hampshiral^  from  the 
name  of  the  state  (New  Hampshire)  in  which  these  rocks  are 
common  and  where  the  first  typical  camptonite  was  found  by 
Hawes.  The  general  habit  of  these  rocks  may,  therefore,  be 
described  as  hampshiroid. 

Vainations from  the  hampshiral  type, — Some  of  the  black 
salfemic  dikes  are  precisely  similar  to  the  type  described 
above,  but  in  other  cases  along  with  the  hornblende  there  is 
developed  a  considerable  amount  of  a  pale  brown  augite  of 
large  extinction  angle,  well  crystallized  and  appearing  only  in 
the  phenocryst  stage  of  development.  When  tnis  appears  the 
amount  of  plagiocTase  is  lessened  and  a  good  deal  of  a  cloudy, 
faintly  doubly  refracting  base  is  present,  which  may  perhaps 
be  nephelite.  It  would  seem  as  if  lime  had  gone  more 
largely  into  the  augites  and  less  was  left  for  plagioclase.  In 
one  case  where  augite  was  quite  abundant,  no  feldspar  was 
seen.  These  variations  in  mineral  development  may  be  seen 
in  closely  contiguous  dikes,  as  at  Smith's  Neck,  and  they  are 
not  believed  to  be  correlated  with  any  notable  change  in 
chemical  composition.  In  a  few  cases  there  is  also  a  variation 
in  texture,  the  grain  becoming  so  densely  fine  that  under  a 
high  power  the  rock  is  made  up  of  an  exceedingly  fine  mesh 
of  minute  interiaced  needles  of  hornblende  and  plagioclase. 
In  general  none  of  these  last  rocks  have  the  hampshiroid  habit 
with  megaphenocrysts  of  hornblende  like  those  of  other  well 
kno^vn  localities. 

West  Dike, — One  of  the  most  interesting  of  these  varieties 
is  found  in  a  dike  on  the  lower  west  slope  of  Locke's  Hill. 
The  dike  is  about  20  feet  in  width  and  cuts  the  gilfordal 
camptonose  (essexite)  near  its  eastern  contact  as  nearly  as 
could  be  determined.  It  is  in  the  northern  part  of  the  camp- 
tonose area,  has  an  east  and  west  trend,  and  is  composed  of  a 
much  cracked  rock  cut  by  many  joint  planes. 

Megascopic.  —  Medium  dull  gray ;  much  whitened  and 
leached  on  the  joint  surfaces ;  occasional  black  hornblendes  as 
phenocrysts  1-3^™  long  and  O'S'^"'  broad  showing  110  and 
010;   thickly  dotted    with  small    phenocrysts   of   feldspar  of 
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stout  tabular  form  1-3"°*  long,  of  a  pink  color  and  with 
slender  needles  of  hornblende  also  about  1-3"""  long,  these 
two  with  distinct  fluidal  arrangement.  Groundmass  compact 
and  of  a  medium,  somewhat  brownish-gray. 

Microscomc. — The  study  of  the  Section  shows  that  the  rock 
is  much  altered.  The  groundmass  consists  of  small  feld- 
spar granules  tending  to  a  short  lath-shaped  form,  and  although 
considerably  changed  it  can  be  seen  that  both  alkalic  and 
plagioclase  feldspars  are  present.  At  first  glance  the  impres- 
sion is  that  of  a  rock  of  syecitic  aspect,  that  the  rock  is  an 
altered  monzonose,  a  gauteite  in  current  phraseology;  but 
further  inspection  reveals  the  fact  that  it  is  everywhere  filled 
with  minute  pseudomorphs  of  chlorite  which,  on  grounds  to  be 
presently  mentioned,  are  thought  to  be  pseudomorphs  of 
needles  and  microlites  of  honiblende.  Were  these  latter  pres- 
ent, as  they  must  have  been  originally,  the  rock  would  have  a 
distinct  lamprophyric  aspect  and  micro-hampshiroid  habit. 
This  groundmass  is  dotted  thickly  with  granules  of  calcite, 
titanite  and  occasional  ore  grains.  Scattered  in  it  are  infre- 
quent phenocrysts  of  feldspar,  which  in  spite  of  being  more 
or  less  filled  with  sericite  shreds,  show  by  the  albite  twinning 
and  extinction  angles  that  they  are  of  plagioclase. 

The  most  interesting  and  important  features  of  the  rock  are 
the  hornblende  phenocrysts  and  the  process  of  alteration 
which  they  have  suflfered,  one  hitherto  unmatched  in  our 
experience.  The  unchanged  mineral  is  a  brown  basaltic  one, 
with  strong  pleochroism  in  yellow  tones  and  similar  to  that 
already  described  in  the  gilfordal  camptouose  (essexite)  and 
in  the  dikes :  c  and  b,  dark  yellowish  brown ;  q,  very  pale 
brown  almost  colorless,  a  pleochroism  like  many  biotites. 
Absorption  strong,  c=b>  a.  Angle  of  c  on  c  about  9°. 
Cleavage  very  good.  These  are  the  properties  of  basaltic 
hornblende.  What  remains  of  the  small  microlites  in  the 
groundmass  shows  that  they  are  similar. 

These  hornblendes  are  ali  more  or  less  altered  into  pseudo- 
morphs consisting  of  a  pale  green  fibrous,  almost  isotropic 
chlorite,  grains  of  calcite  and  of  titanite.  The  chlorite  and 
calcite  as  alteration  products  of  hornblende  present  nothing 
unusual,  but,  so  far  as  we  know,  titanite  as  a  secondary  mineral 
in  this  connection  has  not  beeu  described,  and  at  first  thought 
it  seems  so  unlikely  an  origin  for  it  that  the  matter  deserves 
some  consideration. 

Titanite  secondary  frorti  hornblende. 

The  titanite  occurs  in  irregular  grains  and  masses  showing 
no  good  crystal  form,  intermingled  with  the  chlorite  and  cal- 
cite in  the  pseudomorplis.  Often  it  can  be  seen  running  into 
the   still   unaltered    hornblende   in   strips   and    wedges    and 
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developed  along  cracks.  The  p^ins  of  titanite  in  sach  cases 
often  have  a  nearly  parallel  orientation.  Sometimes  the  out- 
line of  the  psendoraorph  is  well  defined  by  grains  of  titanite 
running  along  the  boundary  and  more  or  less  contiguous ;  the 
interior  is  mostly  chlorite  with  scattered  areas  of  the  titanite. 
The  amount  of  calcite  present  is  usually  relatively  small  and 
very  often  entirely  wanting.  The  whole  mode  of  occurrence 
of  the  titanite  shows  clearly  that  it  is  a  secondary  mineral; 
that  it  is  quite  similar  to  that  of  epidote  in  other  cases  of  horn- 
blende alteration.  That  the  mineral  is  titanite,  however,  and 
not  epidote  is  very  clear,  its  refractive  index  and  birefringence 
are  far  too  high,  and  in  sections  perpendicular  to  the  acute 
positive  bisectrix  it  shows  the  characteristic  optical  figure — the 
small  angle  of  the  optic  axes  with  both  hyperbolas  in  th6  field 
with  the  strong  dispersion  of  the  optic  axes  which  causes  them 
to  be  bordered  red  and  blue,  with  red  greater  than  blue. 

It  miglit  also  be  suggested  that  there  was  an  original  inter- 
growth  of  titanite  and  hornblende,  but  this  is  negatived  by  the 
fact  that  the  unaltered  fragments  and  crystals  of  hornblende 
are  clear  and  free  from  inclusions ;  only  where  it  is  altered 
does  the  titanite  appear. 

In  considering  the  cause  of  this  manner  of  alteration,  it 
should  be  remembered  that  basaltic  hornblendes  have  been 
shown  by  Schneider*  to  have  a  pretty  constant  composition 
and  to  contain  TiO,  in  amounts  ranging  from  4*26  to  5*40  per 
cent  in  the  specimens  analyzed  by  him,  averaging  about  5  per 
cent.  Brogger,t  in  his*table  of  the  alkali-iron  hornblendes, 
calls  attention  to  the  fact  that  these  hornblendes  rich  in  TiO, 
have  extinction  angles  of  0-10°  and  pleochroism  brown  to 
light  yellow,  c>  b >  a,  characters  like  those  of  the  one  under 
consiaeration. 

It  mav  be  considered  cei*tain  that  this  hornblende  contains 
several  per  cent  of  TiO,  and  that  in  the  breaking  up  of  its 
molecule  through  processes  of  alteration  this  oxide  has  united 
with  the  lime  and  silica  to  form  titanite.  Five  per  cent  of 
TiO,  would  yield  over  12  per  cent  of  titanite ;  the  amount 
present  appears  considerably  greater  than  this,  and  moreover 
it  is  not  confined  to  the  hornblende  pseudomorphs  but  also 
occurs  scattered  through  the  groundmass  in  the  same  irregular 
grains.  The  larger  grains  of  iron  ore,  when  examined  with  a 
nigh  power,  are  not  solid  mineral  as  is  usually  the  case,  but  are 
filled  with  a  network  of  holes,  so  that  they  are  mere  sponges. 
This  suggests  another  source  for  the  TiO„  as  that  wander- 
ing out  from  the  iron  ore  could  have  aided  in  a  further 
increase  of  the  titanite  already  forming  from  the  hornblendes, 

♦Zeitschr.  f (ir  Kryst.  xviii,  580,  1890. 

t  Grorudit-Tinguait  Serie,  Vid-Selsk.  Skrifter,  M-N-Kl.,  1894,  No.  4,  p.  22. 
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which  would  snpply  the  necessary  lime  and  silica.  The  basal- 
tic hornblendes  contain  about  12  per  cent  of  lime,  and  if  this 
were  all  used  in  producing  titanite  it  would  make  42  per  cent 
in  weight  of  the  original  hornblende.  But  as  some  of  the 
lime  has  gone  into  calcite  the  amount  of  the  mineral  replac- 
ing hornblende  is  not  so  large  as  this,  but  is  between  this 
figure  and  that  given  above — probably  20-30  per  cent  and 
varying  in  different  cases. 

The  two  analyses  of  camptonose  rocks  previously  given 
show  about  4  per  cent  of  TiO,  in  the  rock,  and  as  this  has 
apparently  all  gone  to  form  titanite,  the  total  amount  present 
is  about  10  per  cent  in  weight  of  the  rock  mass. 

The  appearance  of  the  rock,  and  the  white  mica  in  the  feld- 
spars would  seem  to  indicate  that  the  alteration  was  due  to 
hydrothermal  metamorphism  rather  than  to  atmospheric 
weathering. 

The  occurrence  of  titanite  as  a  secondary  mineral  seems  not 
to  have  received  the  attention  that  it  deserves.  Every  one  is 
familar  with  its  appearance  in  mantles  around  titanic  ore 
grains  in  gabbroid  rocks,  and  it  is  often  mentioned  in  such  cir- 
cumstances as  of  secondary  origin,  but  we  are  not  acquainted 
with  any  description  of  its  derivation  from  another  mineral 
such  as  hornblende,  though  this  may  of  course  have  been 
mentioned  in  the  literature.  In  this  connection  it  is  interest- 
ing to  recall  the  fact  that  it  often  appears  in  chlorite  schists, 
amphibole  chlorite  schists  and  amphibolites  whose  chemical 
compositions  are  similar  to  those  of  magmas  which  yield  salfemic 
and  dofemic  rocks. 

GuNSTOCK  Gneiss. 

As  stated  in  the  geological  portion  of  this  paper,  the  igneous 
rocks  of  the  Belknap  massif  are  in  contact  with  micaceous 
gneisses  along  the  western  boundary.  They  constitute  a  dis- 
tinct formation  worthy  of  especial  study,  but  as  they  are 
heavily  covered  with  drift  and  exposures  are  none  too  frequent 
this  would  have  taken  more  time  than  was  possible  to  devote 
to  this  purpose  and  would  have  led  us  away  from  the  main 
subject  of  this  study.  In  our  work  along  the  western  contact, 
however,  we  came  upon  these  rocks  in  a  number  of  places  and 
specimens  from  several  of  them  were  taken  for  investigation. 
From  two  of  these,  one  from  the  borders  of  the  little  ravine 
on  the  southwest  foot  of  Locke's  Hill  and  the  other  in  the  pas- 
ture fields  at  the  foot  of  the  steep  slopes  on  the  west  side  of 
Mt.  Gunstock,  sections  were  cut  and  studied  and  the  results 
are  given  beyond.  Since  the  lower  valley  of  the  Gunstock 
Kiver  is  cut  in  this  gneiss,  we  may  provisionally,  for  purposes 
of  reference,  term  it  the  Gunstock  Gneiss. 
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Megascopic. — Color,  dark  stone-gray  ;  of  very  fine  ^^in ; 
strongly  foliated ;  even  texture ;  highly  micaceous  and  splitting 
readily  along  the  plane  of  chief  fracture ;  showing  with  lens 
an  even  mixture  of  white  granules  and  flakes  of  mica. 

Microscopic, — The  minerals  seen  in  the  section  are  quartz, 
orthoclase,  biotite,  plagioclase,  sillimanite,  garnet,  muscovite, 
apatite,  iron  ore  and  zircon  in  the  order  of  their  importance. 
The  Quartz  is  in  irregular  elongated  granules,  tilled  in  places 
with  dusty  specks,  shows  occasional  lines  of  fluidal  cavities  and 
rarely  any  evidence  of  undulatory  extinction  pointing  to  dis- 
turbance of  the  optical  system  by  strain.  The  orthoclase  has  a 
similar  form  and  in  places  is  filled  with  shreds  of  sericitic  mus- 
covite ;  generally  it  is  clear  and  unaltered  and  shows  no  twin- 
ning. The  biotite  is  in  small  brown  pleochroic  flakes,  well 
scattered  but  tending  to  lie  with  the  base  in  the  plane  of  schis- 
tosity,  thus  promoting  the  easy  fracture.  It  sometimes  contains 
iron  ore  witli  pleochroic  halos.  The  plagioclase  is  similar  to 
the  orthoclaiie  but  distinguished  by  the  albite  twinning;  it 
appears  to  be  an  oligoclase.  It  may  be  remarked  here  that  the 
association  of  the  sillimanite  suggested  the  possible  presence  of 
cordierite,  but  careful  search  failed  to  reveal  it  by  any  of  the 
usual  diagnostic  characters  which  it  possesses.  The  sillimanite 
is  in  the  usual  characteristic  bundles  of  needles,  and  it  is  not 
everywhere  scattered  through  the  rock  but  appears  distinctly 
in  layers ;  although  these  wedge  out  in  places  they  soon  recur 
again,  running  along  at  about  the  same  horizon.  The  garnet, 
01  an  ordinary  character,  is  in  round  grains  of  relatively  con- 
siderable size  associated  with  these  sillimanite  bands,  which 
often  curve  around  it.  The  apatite  and  zircon  lie  scattered  in 
the  quartz-feldspar  layers ;  they  are  very  small  and  a  signifi- 
cant circumstance  is  the  fact  that  they  show  no  crystal  outlines 
but  are  rounded  ovoid  bodies. 

In  the  specimen  t^ken  near  the  contact  at  Locke's  Hill  the 
appearance  of  the  biotite  and  the  fabric  of  the  rock  suggested 
a  distinct  approach  to  the  characteristic  contact  hornstone  tex- 
ture, but  elsewhere  this  is  not  noticeable. 

Origin  of  the  Gimstock  Gneiss, 

The  characters  which  have  been  mentioned  above  clearly 
point  to  a  sedimentary  origin  for  this  gneiss.  There  is  no 
sign  of  shearing  or  granulation  and  the  minerals  show  no  opti- 
cal strain — it  has  therefore  been  recrystallized.  The  presence 
of  the  sillimanite-garnet  bands  points  to  fine  clay  layers  of  a 
somewhat  marly  nature  interspersed  among  those  forming  the 
main  mass  of  this  very  fine-grained  arkose.  The  rounded 
forms  of  the  apatite  and  zircon  grains  would  point  to  their 
having  been  rolled  in  the  fine  sand ;   in  the  metamorphism 
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which  recrystallized  the  rock  they  are  minerals  which  would 
naturally  be  least  affected  and  would  retain  their  former  shape. 
Had  the  rock  been  a  sheared  and  recrystallized  igneous  one,  we 
should  expect  them  to  have  shown  crystal  outlines.  The  alter- 
nation in  layers  of  different  character  points  in  the  same  direc- 
tion. We  think  therefore  that  this  gneiss  was  originally  a  very 
fine  shaly  arkose  consisting  of  little-altered  granitic  debris  with 
occasional  very  thin  layers  of  a  more  marly  clay-like  nature. 
Often  the  chemical  analysis  of  a  rock  helps  greatly  to  decide 
its  original  character,  but  it  is  evident  that  the  composition  of 
a  little  altered  arkose  will  be  practically  the  same  as  that  of 
the  igneous  rock  from  which  it  may  have  been  formed,  and  in 
this  case  the  solution  of  the  problem,  when  it  is  metamor- 
phosed, must  be  sought  in  other  directions  such  as  we  have 
indicated  above. 

Tu£  Sequencb  of  Magmas. 

This  has  been  previously  alluded  to  on  page  350  of  the  fore- 
going geological  part.  Now  that  the  petrologic  characters  of 
the  different  types  have  been  described,  the  reasons  .for  the 
adoption  of  the  succession  of  magmas  there  given  can  be  dis- 
cussed more  fully.  It  depends  upon  the  following  facts,  which 
have  been  brought  out  in  these  pages. 

a.  The  pulaskose  (syenite)  passes  into  a  fine-grained  lassen- 
ose  (adamellite  aplite)  marginal  facies. 

h.  The  pulaskose  is  cut  by  dikes  of  liparose  (aplite),  of  camp- 
tonose  (camptonite)  and  of  akerose  (spessartite).  The  relative 
ages  of  these  dikes  were  not  determined,  as  no  place  was  found 
where  they  cut  one  another. 

c.  The  grano-camptonose  (essexite)  shows  contact  facies  as 
it  approaches  the  pulaskose  (syenite.) 

a.  The  grano-camptonose  (essexite)  is  cut  by  dikes  of  phyro- 
camptonose  (camptonite)  and  of  Hparase  (aplite). 

e.  The  liparase  (aplite)  of  d  contains  fragments  of  the  camp- 
tonoses  and  akerose  (essexite  and  spessartite)  and  of   schists. 

f.  The  breccia  mass  is  like  ^,  consisting  of  a  Hparase  cement 
full  of  masses  of  the  same  rocks  as  in  e. 

From  these  facts  we  imagine  then  the  sequence  of  events  to 
have  been  as  follows:  First  came  the  intrusion  of  the  great 
body  of  pulaskose  magma  into  the  gneisses  and  schists.  By 
processes  of  differentiation   there  formed  a  persalic  or  more 

?[uaric  border  of  lassenose  of  variable  width  around  this.  Then 
ollowed  a  period  of  cooling  and  solidification.  During  this 
time  extended  processes  of  differentiation  had  been  going  on 
deep  in  the  magma  cliainber,  giving  rise  to  products  on  the 
one  hand  more  salic,  on  the  other  more  femic.  Then  came  a 
second  period  of  magma  upthrusting  which  forced  the  femic 
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magmas  upward  into  the  mass  of  pnlaskose  and  into  the  sur- 
rounding area  where  they  appeared  as  dikes,  except  in  one 
place  on  the  northwest  bonndary  where  the  magma  formed  a 
small  stock.  In  the  dikes  the  texture  assumed  was  dense  and 
more  or  less  porphyritic,  forming  trachiphyro-camptonoses 
and  akeroses  (camptonites  and  spessartite),  but  in  the  stock  the 
crystallization  was  coarser,  proaucting  a  granular  texture  and 
making  grano-camptonose  (essexite).  This  assumes  that  the 
rocks  of  the  dikes  and  of  the  stock  have  a  similar  composition ; 
that  this  is  so,  has  already  been  shown  with  respect  to  the 
caraptonoses.  In  regard  to  the  akerose  dikes  it  has  been 
shown  also  that  they  correspond  to  one  facies  of  the  stock, 
which  is  s<»raewhat  variable  in  its  composition. 

The  ii^jection  of  the  camptonose  magma  evidently  was  not 
everywhere  a  simultaneous  one,  for  we  find  dikes  of  it  in  finer 
textured  types  cutting  the  camptonose  stock,  proving  that  this 
had  already  cooled  and  solidified  to  depths  now  exposed  by 
erosion,  when  these  later  upthrusts  of  this  magma  took  place. 
It  is  thus  quite  possible  that  the  dikes  of  camptonose  seen  else- 
where are  not  all  exactly  of  the  same  age  but  that  their  injec- 
tion was  successive,  some  corresponding  in  age  with  the  intru- 
sion of  the  stock  and  some  later,  like  those  dikes  which  cut  it. 
On  the  general  principles  of  differentiation  as  thus  far  devel- 
oped, it  would  also  seem  probable  that  the  akerose  (spessartite) 
dike  cutting  the  summit  of  Mt.  Belknap  was  one  of  tne  earliest 
of  this  set,  since  it  is  less  differentiated. 

Following  these  came  the  period  of  the  injection  of  the 
liparase  (aplite),  the  persalic  differentiate  complementary  to 
the  camptonose.  This  has  formed  dikes  in  the  pulaskose  and 
in  the  camptonose  stock.  In  the  latter  case  it  has  brought  up 
pieces  of  tne  camptonose  in  its  various  textural  modifications 
and  of  the  enveloping  schists  and  gneiss  involved  within  it,  and 
in  one  place  it  forms  an  irregular  mass,  the  breccia  already 
described.  At  the  time  of  its  injection,  cooling  in  and  about 
the  stock  was  becoming  more  pronounced  and  the  magma  was 
quite  viscous.  This  is  shown  by  the  shattering  and  rupturing 
it  produced  on  its  upward  way  along  the  rock  walls,  the  frag- 
ments thus  broken  off  becoming  kneaded  through  the  mass,  and 
also  by  the  fact  that  these  fragments  were  not  melted,  absorbed 
or  changed,  even  when  small  and  angular  in  shape.  This  was 
the  final  event  in  the  formation  of  the  igneous  rocks. 

The  sequence  thus  worked  out  would  be  more  certain  if  the 
actual  contacts  were  everywhere  visible,  but  as  already  stated 
the}^  are  in  great  part  covered  with  drift.  It  however  seems 
to  correlate  best  all  the  facts  seen  in  the  field  and  determined 
by  the  laboratory  studies.  Moreover  it  has  the  advantage  of 
simplicity  in  that  it  requires  onl}'  three  periods  of  injection 
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with  corresponding  changes  in  the  composition  of  the  magmas 
beginning  with  one  of  medium  character,  then  changing  to  a 
more  femic  type  and  then  back  to  a  corresponding  more  salic 
one,  and  thus  following  the  general  history  of  differentiation 
observed  in  other  districts.  The  only  objection  against  this 
view  which  occurs  to  us  is,  that  if  the  aplitic  liparase  injections 
are  the  latest  phase  along  the  contact  between  the  camptonose 
and  pulaskose  rocks  and  contain  blocks  of  the  former,  why  do 
they  not  contain  blocks  of  the  latter  ?  The  answer  to  this  is 
twofold — first,  we  are  not  sure  that  they  do  not,  we  did  not 
observe  them  in  the  exposures  studied ;  and  second,  we  do  not 
feel  sure  that  we  could  identify  them  even  if  they  were  pres- 
ent, because  in  the  field  the  liparose  and  the  lassenose  of  the 
marginal  facies  both  have  the  same  aplitic  habit  and  appear 
very  much  alike.  They  differ  chemically  and  somewhat  min- 
eralogically  as  has  been  described,  but  in  the  rock  masses  these 
differences  might  not  be  appreciated  and  blocks  of  the  one  in 
the  other  would  certainly  be  diflScult  and  perhaps  even  impos- 
sible to  recognize. 

Moreover  in  this  connection  it  should  be  pointed  out  that 
the  dikes  of  liparase  which  penetrate  the  pulaskose  were 
nowhere  observed  to  contain  fragments  of  the  latter  although 
of  later  intrusion  into  it,  and  it  is  in  fact  uncommon  for  aplitic 
dikes  to  contain  such  masses  of  the  granitic  rocks  they  pene- 
trate, although  they  sometimes  do.  The  further  discussion  of 
this  point  would  carry  us  too  far,  but  enough  has  been  said  to 
show  that  the  objection  advanced  is  not  necessarily  decisive 
against  the  sequence  we  have  postulated  and  which  we  believe 
is  best  suited  to  explain  the  facts  observed. 

The  Aplitic  Marginal  Faciks 

The  aplitic,  persalic  marginal  facies  of  the  main  massif  of 
pulaskose  is  an  interesting  feature  of  the  petrology  of  the  area. 
Aplitic  border  facies  of  granites  are  probably  not  uncommon 
and  have  been  described  by  a  number  of  observers  as  listed 
by  Eosenbusch.*  In  these  cases,  however,  this  appears  to  be 
mainly  an  endomorphic  textural  modification  of  the  rock  mass. 
In  the  present  case  it  is  not  only  a  textural  but  much  more  a 
chemical  modification,  the  border  being  richer  in  silica  than 
the  rest  of  the  massif.  At  first  thought  it  might  seem  as  if 
the  syenite  had  enriched  itself  in  silica  by  solution  of  the  envel- 
oping rocks  in  some  such  way  as  -Dalyf  has  recently  suggested 
for  occurrences  in  Canada  and  elsewliere.  A  further  consid- 
eration of  the  subject,  however,  does  not  seem  to  favor  this 
view.     It  is  true  that  the  border  facies  contains  here  and  there 

*  Mass.  Gest,  3d  ed.,  1895-6,  p.  65. 
t  This  Journal,  xx,  1905,  p.  185. 
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fragments  of  the  enclosing  rocks,  and  that  these  appear  at 
times,  when  very  small,  to  be  more  or  less  absorbed,  but  gen- 
erally even  when  minute  they  retain  all  their  original  sharpness 
of  outline  and  angular  form  though  completely  metamorphosed. 
Moreover  there  is  no  evidence  that  the  enclosing  rocks  are  in 
general  more  siliceous  than  the  syenite  and  in  some  cases  they 
are  distinctly  less  so.  Where  small  fragments  appear  to  have 
gone  into  solution  the  rock  is  not  more  but  less  siliceous,  the 
small  spot  locally  having  more  the  character  of  a  monzonase  as 
already  described  in  the  inclusions  in  lassenose  above  Point 
Belknap. 

Again,  it  should  be  considered  that  if  such  an  action  took 
place  one  would  expect  it  to  be  general  and  everywhere  present, 
while  as  previously  shown  the  syenite  on  tliie  southwest  foot  of 
Ix^cke's  Hill  comes  itself  directly  in  contact  with  the  schists. 
The  consideration  of  the  chemical  character  of  the  two  rocks 
furnishes,  however,  the  strongest  argument  against  this  view. 
In  the  syenite  the  percentages  of  the  alkalies  are  Xa,0  =  4*89, 
K,0  =  590,  while  in  the  granite  border  they  are  Na,0  =  4*06, 
K,0  =  2-06.  It  is  clear  from  this  that  to  reduce  the  alkalies  of 
the  foimer  to  those  of  the  latter  an  enormous  amount  of  some 
rock  very  rich  in  soda  must  have  gone  into  solution.  It  could 
be  easily  demonstrated  what  the  composition  of  such  a  rock 
would  have  to  be  by  calculating  from  the  two  analyses,  but  this 
is  unnecessary  as  the  enclosing  schists  are  clearly  not  of  such  a 
composition  as  could  produce  this  change. 

This  explanation  ot  the  granite  border  being  untenable,  we 
are  forced  to  fall  back  on  causes  endogenous  to  the  fluid  mass 
itself  and  to  conclude  that  it  is  a  case  of  magmatic  differentia- 
tion. Cases  where  a  massif  of  igneous  rock  has  a  differentiated 
border  facies  are  becoming  more  numerous  and  several  have 
been  described  where  the  border  is  more  salic  than  the  main 
portion. 

Chemical  Cuabactebs  of  tub  Belknap  Magmas. 

The  data  for  studying  the  chemical  characters  of  the  mag- 
mas which  furnished  the  rocks  described  in  the  preceding  pages 
are  found  in  the  anah^ses  presented  in  the  annexed  table. 

Of  these  II  and  V  have  been  calculated  from  the  measured 
modes  and,  while  not  entitled  to  quite  the  weight  of  the  others, 
may  yet  be  regarded  as  representing  fairly  well  the  chemical 
compositions  of  the  rocks  m  tjuestion. 

The  chemical  range  of  the  rocks  is  wide,  especially  as  regards 
SiO„  A1,0„  FeO  and  CaO,  with  Fe,0„  MgO,  k,0,  TiO« 
and  PjOj  showing  less  variation,  while  the  amount  of  Na,0  \% 
remarkably  uniform.     In  general  the  variations  of  the  several 
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constituents,  referred  to  the  percentage  of  silica  or  to  the  ratios 
of  salic  to  femic  minerals,  are  the  usual  ones,  Fe,0„  FeO, 
MgO,  CaO  and  TiO,  increasing  with  decreasing  silica,  K,0 
dropping  sharply  toward  the  femic  end,  while  Na,0  also  drops 
but  to  a  much  less  extent. 

Regarded  from  the  point  of  view  of  the  quantitative  classifica- 
tion, the  range  of  classes  is  from  persalane  to  salfemane  ;  the 
orders  are  only  two,  4  and  5,  the  former  being  found  only 
among  the  persalanes;  the  rangs  represented  are  three,  1,  2 
and  3,  the  first  being  most  prominent  in  the  persalanes  and  the 
last  only  found  in  tne  salfemanes;  while  there  are  only  two 
subrangs,  the  sodipotassic  and  dosodic,  the  more  salic  and  alka- 
lic  rocks  belonging  mostly  to  the  first  of  these  and  the  more 
femic  and  more  calcic  ones  to  the  second. 


Analyses  of  the  Belknap  Hocks. 


No. 

SiO... 
Al  6. . 

Fe,0.- 
FeO.. 

MgO. 

CaO.. 

Na,0. 

K,6.. 

H,04- 

HO- 

TiO,.. 

PA- 

s 

CI  .... 
ZrO,.. 
NiO  .. 
MnO.. 
BaO.. 


I 
76-65 
12-89 
0-89 
1-11 
0-20 
0-48 
3-71 
5-50 
0-15 
0-08 
none 
0-05 


n 

68-16 
15-27 
0-88 
1-87 
1-26 
0-15 
4-30 
7-06 
0-37 

none 
0-59 
0-09 


ni 

69*76 
18-22 
0-25 
1-59 
0-40 
2-68 
4-06 
2-06 
0-50 
015 
none 
0-36 


IV 

60-75 
19-55 
1-54 
2-98 
0-81 
2-29 
4-89 
5-90 
0-08 
0-24 
none 
0-63 
0-13 


V 

59-91 
15-82 
2-93 
4-61 
1-64 
1-92 
4-52 
6-61 
0-43 

^  •*  M 

none 
1-39 
0-22 


tr 


tr 


tr 


VI 

52-95 
14-96 
2-44 
7-03 
3-86 
6-76 
4-95 
1-64 
0-55 
0-09 
none 
3-90 
076 
0-05 

^    *m    ^ 

002 

tr 
none 


VII 

43-94 

16-17 

3-96 

1006 

5-05 

9-59 

2-93 

1-51 

1-42 

0-13 

0-09 

4-13 

0-69 


tr 
none 


vin 

42-73 
14-50 
403 
7-28 
5-46 
8-46 
3-U 
2-28 
3-08 
0-36 
3-76 
4-30 
0-93 
0-18 
tr 

tr 

0-19 

tr 


IX 
60-33 
17-69 
2-24 
3-80 
1-23 
2-11 
4-71 
6-26 
0-26 

none 
1-01 

0-18 


100-71    100-00  100-02      99-79   100-00  10016       99-67    100-65     99-82 
Subrang.-  1.4.1.8     1.4.1.3   1.4.2.4      1.5.2.3  11.5.1.3  II.5.2.4  1II.5.3.4  1II.5.3.4  I-n.5.3.8 

I.  Biotitic  grano-liparose,  (aplite).     Dike,  Mt.  Belknap. 

II.  Hornblendic  grano-liparose,  (syenite).     Locke's  Hill. 

III.  Biotitic  grano-lassenose,  (adamellite-aplite).     Piper  Moun- 
tain. 

IV.  Hornblendic  granopulaskose,  (syenite).     Mt.  Belknap. 

V.  Hornblenditic  grano-ilmenose,   (syenite).     Guiiatock  Peak. 
VL  Hornblende  akerose,  (spessartite).     Locke's  Hill. 

VIL  Gilfordal  caraptonose,  (essexite).     Locke's  Hill. 

VIII.  Hampshiral   camptonose,    (camptonite).      Mt.    Belknap. 

IX.  Hornblendic     pulaskose-monzonose,     (syenite).      Average 
of  IV  and  V. 
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It  is  to  be  noted,  however,  that  some  of  the  analyBes  are  of 
rocks  tlie  volumes  of  which  are  very  small  relative  to  that  of 
the  whole  igneous  massif.  This  applies  especially  to  the 
extremes,  I  and  VIII,  which  are  of  the  complementary  dikes, 
whose  total  vole  me  cannot  be  more  than  5  per  cent  of  the 
whole  and  is  almost  certainly  considerably  less  than  this. 
Similarly  VI  is  of  a  rock  of  minor  importance  and  of  negligibly 
small  relative  mass.  The  area  of  the  gilfordal  camptonose 
(VII)  of  Locke's  Hill  is  considerable,  bnt  its  volume  is 
undoubtedly  not  over  another  5  per  cent  of  the  whole  mass. 
That  of  the  bordering  aplitic  lassenose  facies  (III)  is  undoubt- 
edly considerably  greater,  though  for  reasons  given  previously 
it  was  impossible  to  estimate  its  extent  with  accuracy.  The 
assumption  that  it  forms  about  one-tenth  of  the  complex  wUI 
probably  be  not  far  from  the  truth. 

As  to  the  main  mass  of  syenite  we  have  seen  that  its  compo- 
sition is  somewhat  variable,  different  portions  being  represented 
by  II,  IV  and  V.  Of  these  II  is  of  a  marginal  facies  and 
probably  not  fully  representative  of  the  whole.  Analyses  IV 
and  V  may  therefore  be  held  to  represent  the  chemical  com- 
position o^  the  bulk  of  the  Belknap  massif.  These  resemble 
each  other  in  certain  respects,  especially  in  SiO„  CaO,  Na,0 
and  K,0,  but  differ  in  the  lower  A1,0,  and  higher  Fe,0„  FeO 
and  MgO  of  V,  these  resemblances  and  differences  being  clearly 
expressed  by  their  respective  places  in  the  quantitative 
classification.  Allowing  equal  weight  to  these  two  analyses, 
although  V  is  calculated  from  a  measured  mode,  we  find  that 
the  composition  of  the  syenite  is  that  given  in  IX.  The  norm 
of  this  is  as  follows : 


Sal  Fern 


Qz 1-56  ^ 

Or 37-25 

Ab 39-b2 

An 8-34 


y  86-97 


V  12-68 


DL...  1-14 

Hy...  5-97 

Mt  ...  3-25 

II 1-98 

Ap  ...  0-34 

The  main  syenite  falls,  therefore,  in  the  dosalane  class,  but 
almost  on  the  border  of  persalane  and  well  within  the  limits 
of  order  5,  rang  2,  and  subrang  3,  so  that  it  is  a  pulaskose- 
nionzonose,  (I-II.  5.2.3). 

We  may  attempt  to  estimate  the  composition  of  the  magma 
as  a  wliole,  although  the  data  are  somewhat  unsatisfactory  and 
the  results  necessarily  only  approximately  correct.  For  this 
purpose  we  may  assume  the  relative  volumes  as  estimated 
above,  giving  as  much  prominence  as  possible  to  the  less  abun- 
dant rocks.  We  shall  thus  estimate  the  volume  of  the  syenite 
at  eight-tenths  of  the  whole,  that  of  the  border  lassenose  at 
one-tenth  of   the  whole,  that  of  the  gilfordal  camptonose  at 
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one-twentieth,  and  that  of  the  complementary  dikes  the  Bame, 
those  of  liparose  and  of  camptonose  being  in  the  proportion  of  3 
to  2,  The  analysis  of  the  akerose  (VI)  may  be  neglected. 
Taking  then  80  parts  of  IX,  10  of  III,  5  of  VII,  3  of  I  and 
2  of  V  III  we  obtain  the  following  results  : 


\  86-67 


SiO 60-94 

A1,0. ....  17-57 

Fe,0, 2-13 

FeO 3  91 

MgO 1-40 

CaO 2-65 

Na,0 4-52                   Mt 302    V  13-31 

K,6 


5-53 

TiO, 115 

P,0, 0-20 


Qz.... 

4-50 

Or.... 

32-80 

Ab.... 

38-25 

An.... 

11-12 

Di  .... 

0-92 

Hv  ... 

6-90 

Mt.... 

302 

II.   ... 

2-13 

Ap.... 

0-34 

< 


100-00 


99-98 


These  figures  are  practically  identical  with  those  furnished 
by  the  main  syenite,  though  SiO,  and  CaO  are  a  trifle  higher 
and  K,0  a  little  lower,  and  the  classificatory  position  of  the 
rock  is  the  same,  pulaskose-monzonose  (I-II.  5.2.3.).  That  the 
divergence  in  composition  of  the  average  magma  from  that  of 
the  main  syenite  snould  be  small  follows  from  the  fact  that  the 
combined  weight  of  the  modifying  factors,  that  is  the  liparose, 
lassenose  and  camptonose,  is  only  one-fourth  that  of  the  main 
mass.  But  the  very  close  agreement  sliows  that  the  several 
constituents  in  the  more  salic  and  the  more  femic  magmas  bal- 
ance each  other  to  a  very  great  extent,  and  indicates  that  they 
are  in  the  nature  of  complementary  differentiates. 

It  is  to  be  noted,  however,  that  the  main  pulaskose-monzo- 
nose is  higher  in  alumina,  soda  and  potash  than  any  of  the 
smaller  rock  bodies,*  while  the  figures  for  the  other  constitu- 
ents lie  between  the  extremes. 

It  is  perhaps  justifiable  to  infer  from  this  the  existence  in  the 
complex  of  a  difierentiate  relatively  higher  in  these  constituents. 
Such  a  rock  would  be  composed  almost  wholly  of  soda  ortho- 
clase  about  Or,Ab„  with  relatively  insignificant  amounts  of 
quartz,  plagioclase  and  alferric  or  femic  minerals.  We  may 
possibly  look  for  this  in  the  syenitic  cement  of  the  breccia  de- 
scribed above,  which  has  not  been  examined  chemically,  but 
which  we  have  shown  to  be  markedly  deficient  in  plagioclase 
and  colored  minerals,  though  the  amount  of  quartz  is  consider- 
able. ' 

In  conclusion  a  few  words  may  be  devoted  to  a  comparison 
of  tlie  Belknap  rocks  with  those  of  other  igneous  areas  in  New 
England  and  Canada.  The  best  analogues  are  met  with  in  the 
larger  and  more  complex  igneous  district   of   Essex  County, 

*  Except  as  regards  soda  in  the  akerose  (VI). 
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Massachusetts,  which  has  been  described  by  one  of  us.*  In 
this  rocks  of  very  similar  chemical  and  raineralo^ical  composi- 
tions occur.  These  include  numerous  types,  of  varying  modes 
and  textures,  belonging  to  subrangs  which  are  found  at  the 
Belknap  Mountains,  namely:  liparose  (granite,  aplite,  paisan- 
ite,  keratophyre),  lassenose  (rhyolite),  pulaskose  (pulaskite, 
solvsbergite),  and  camptonose  (diabdse),  with  essexose  (essexite) 
closely  like  the  phyro-camptonose  of  Belknap.  These  rocks  of 
Essex  County  are,  it  is  true,  associated  with  miaskose  (foyaite 
and  tinguaite)  and  with  umptekose  (solvsbergite,)  but  this 
heightens  rather  than  detracts  from  the  analogy,  as  miaskose 
and  umptekose  (neph elite-syenite),  are  found  at  Red  Hill, 
across  Lake  Winnepesaukee  from  the  Belknap  Mountains. 
This  last  igneous  mass  will  shortly  be  described  by  us,  so  that 
further  consideration  of  this  correlation  may  be  deferred. 

Still  nearer  to  the  Belknap  Mountains  are  the  rocks  of 
Ascutney  Mountain,  which  have  beeu  studied  by  Daly,t  whose 
descriptions  and  analyses  make  clear  the  very  close  similarity 
between  the  two  areas.  The  resemblance  between  the  two  is 
shown  even  in  such  details  as  the  poikilitic  development  of  the 
alferric  minerals  of  some  of  the  Ascutney  gabbros  and  diorites, 
in  this  resembling  the  hornblendes  of  thegilfordal  camptonose. 
Analogies  may  also  be  noted  with  the  rocks  of  the  Monteregian 
Hills,  in  the  Province  of  Quebec,  which  have  been  described 
by  Canadian  petrographers.;}:  The  rocks  of  these  last,  however, 
are  generally  distinctly  lower  in  silica  and  are  more  sodic,  norm- 
ative or  modal  nephelite  being  quite  common. 

It  would  seem  that  all  of  these  occurrences,  with  perhaps 
others  in  Maine,  New  Hampshire,  Vermont,  and  Massacnusetts, 
belong  to  one  petrographic  province,  or  comagmatic  region 
as  it  may  be  better  termed,  w^iich  may  be  called  the  Novang- 
lian,  from  the  many  localities  in  New  England.  This  is  not 
the  place  for  a  discussion  of  this  region,  especially  as  our 
knowledge  of  some  of  the  districts  is  as  yet  incomplete,  but 
some  of  the  chemical  features  may  be  briefly  pointed  out. 
These  are  the  rarity  of  the  dofemanes  and  perfemanes,  the 
prevalence  of  quardofelic,  perfelic,  and  lendofelic  orders,  of 
peralkalic  and  domalkalic  rangs  (alkalicalcic  rangs  occurring 
to  some  extent  among  the  salfemanes),  and  of  sodipotassic  and 
dosodic  subrangs.  As  features  of  minor  importance  may  be 
mentioned  the  generally  small  amount  of  MgO,  even  in  the 
salfemanes,  the  comparatively  high  FeOand  TiO,  (the  amount 
of  the  latter  being  often  very  great  in  the  salfemanes),  and  the 
almost  complete  absence  of  BaO. 

New  Haven,  Coun.,  and  Locust,  N.  J.,  June,  1906. 

♦Washington,  Jour.  Geol.,  vi,  787,  1898;  vii,  53,  ia5,  284,  468,  1899. 
+  R.  A.  Daly,  BuU.  U.  S.  Geol.  Surv.,  No.  209,  1903. 
^J.  A.  Dresser,  Am.  Geol.,  xxvlii,  203,  1901;    F.  D.  Adams,  Jour.  Geol., 
zi,  239,  1908;  J.  A.  Dresser,  this  Journal,  zvii,  847,  1904. 
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Art.  XLIV. — On   YttrocrdsiU^   a  New   Yitrium- Thorium- 
Uranium  Titanate  ;  by  W.  E.  Hidden  and  0.  H.  Warbkn. 

The  crystal,  from  which  the  material  for  analysis  was  selected, 
was  found  about  three  years  ago  in  Burnet  County,  Texas,  by 
Mr.  John  J.  Barringer,  who  discovered  the  famous  gadolinite 
mine  just  across  the  Colorado  River  in  Llano  County,  now 
known  as  Barringer  Hill.  The  crystal  was  found  amon^  the 
debris  thrown  out  from  a  small  prospect  pit,  dug  for  gadolmite, 
and  W6ts  the  largest  of  several  pieces  observed  in  the  loose  peg- 
matite material.  The  locality  is  east  of  and  nearly  opposite 
Barringer  Hill  and  distant  from  it  about  three  miles.  It  is  sit- 
uated in  Burnet  County  and  in  a  region  where  coarse  granite 
and  pegmatite  abound.  This  crystal  when  first  found  weighed 
about  sixty  grams,  and  was  complete  except  at  one  end.  It 
showed  orthorhombic  symmetry,  but  the  faces  were  not  smooth 
enough  for  satisfactory  measuring.  The  type  of  form  closely 
resembled  the  figure  of  yttrotantalite,  on  page  738  of  Dana's 
System  of  Mineralogy.  The  three  pinacoids,  the  unit  prism, 
and  one  orthodome  were  apparent.  The  basal  plane  predomi- 
nated. 

The  crystal  had  a  thin  dull  brown  coating  of  amorphous  mate- 
rial which  was  evidently  an  hydrated  alteration  product,  very 
similar  to  the  yellowish  brown  coating  observed  on  the  poly- 
crase(?)  of  ^orth  and  South  Carolina.  The  fresh  underlying 
material  is  black  in  appearance,  and  has  ^  bright  pitchy  to 
resinous  luster,  and  closely  resembles  that  of  polycrase  and 
euxenite,  and  like  these  has  an  uneven  and  small  conchoidal 
fracture.     Its  hardness  is  between  5*5  and  6. 

Under  the  microscope  fragments  of  the  mineral  show, 
through  their  edges,  a  rich  amber  to  light  yellow  color.  Ex- 
tremely thin  pieces  are  almost  colorless  and  transparent. 
In  some  portions  near  the  surface  minute  black  specks,  sug- 
gestive of  alteration  products,  or  mechanical  inclusions,  were 
observed  scattered  through  the  material.  The  mineral  when 
examined  betweeh  crossed  nicols  is  seen  to  consist  of  a  mixture 
of  isotropic  and  a  feebly  double  refracting  material.  In  sev- 
eral instances  a  distinctly  spherulitic  structure  was  observed  with 
high  powers,  otherwise-  nothing  of  a  definite  nature  could  be 
made  out  regarding  the  optically  active  portion.  The  mineral 
is  not  now,  therefore,  of  a  strictly  homogeneous  structure.  This 
fact  taken  into  consideration  with  its  content  of  water  and  car- 
bon dioxide  suggests  that  the  mineral  is  a  hydrated  alteration  of 
an  originally  anhydrous  species.  It  may  be  mentioned  here 
that  a  very  similar  heterogeneous  structure  has  been  also 
noticed  as  characteristic  of  specimens  of  polycrase  (?)  from 
North  and  South  Carolina. 
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Before  the  blowpipe  the  mineral  is  infusible,  assumes  a 
dark  grayish  color  and  cracks  open  to  a  slight  extent.  In  the 
closed  tube  it  decrepitates  slightly,  gives  off  water  and  car- 
bon dioxide  at  a  temperature  slightly  below  redness.  The 
reactions  with  fluxes  on  platinum  wire  are  not  decisive.  It  is 
easily  decomposed  by  hydrofluoric  acid,  leaving  a  light  green- 
ish residue  of  earth  fluorides.  If  finely  powdered  it  is  soluble 
with  slight  effervescence  when  boiled  in  strong  sulphuric 
acid,  and  yields  a  somewhat  opalescent,  pale  yellowish  green 
solution.  If  hydrochoric  acid  and  zinc  are  added  to  this, 
a  violet  color  is  at  first  obtained,  and  this  gradually  changes  to 
a  blue-gray,  and  finally  to  a  deep  blue.  (In  tliis  connection  we 
would  state  that  tlie  South  Carolina  polycrase,  when  finally 
pulverized,  makes  a  perfectly  clear  green  solution  when  boiled 
with  strong  sulphuric  acid,  and  leaves  no  residue.) 

The  material  analyzed  was  that  portion  of  the  crystal  which 
showed  under  the  microscope  practically  none  of  the  black 
specks  above  referred  to. 

The  specific  gravity  was  found  to  be  4*804:3  at  17®  Cent.,  the 
mean  of  two  careful  determinations  on  the  chemical  balance. 

The  results  of  the  chemical  analysis  (Warren)  were  as  fol- 
lows: 


Oxides. 

Per  cent.       Mol.  wt. 

Ratio. 

TiO, 

49-72 

r  80-16 

=  -620  ^ 

Nb.b. 

present 

Ta.O. 

trace 

wb. 

l-87« 

h332-8 

=  •008 

^  -645 

16-12 

16 

UO. 

0-64 

I-288-0 

=  •002 

SiO, 

trace 

CO, 

0-68 

r   44-0 

=  •016 

(YtEr).O. 

26-67 

h268-4 

=  •096 

Ce,0.,  etc. 

2-92           -1 

-331-0 

=  -008 

^  ^113 

2-82 

3 

Fe.O. 

1-44           -\ 

-160-0 

=  •009 

ThO, 

8-75           -i 
1-98           -^ 

-268-6 
-271-6 

=  -033   ) 
=  •007   j 

-  ^040 

1-00 

1 

PbO 

0-48            H 

-222-9 

=  •002 

MnO 

0-13            -4 

-   71-0 

=  -001    [ 

•  -036 

0-90 

1 

CaO 

1-83             -; 

-  56-0 

=  -033    ) 

MgO 

trace 

11,0 

4;i6          -■ 

-    18-0 

=  -242 

•242 

6^00 

6 

"  hydrosc. 

0-10 

• 

Total 


100-57 


The  following  points  may  be  noted  regarding  the  method  of 
analysis  :  Water  and  carbon  dioxide  were  determined  directly 
by  igniting  the  mineral  in  a  platinum  boat  in  a  hard-glass  com- 
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bnstion  tube  reinforced  with  heavy  platinum  foil  as  recom- 
mended by  Penfield  and  catching  the  products  in  sulphuric 
and  potash  bulbs  respectively.  Several  blank  determinations 
were  run  to  test  the  apparatus  previous  to  the  actual  determina- 
tion. The  combined  weights  of  the  water  and  carbon  dioxide 
are  slightly  higher  (0*15  per  cent)  than  the  loss  on  ignition  of 
the  boat  and  its  contents,  due  probably  to  the  oxidation 
of  the  UO,.  This  close  agreement  indicates  that  there  can 
be  little  if  any  helium  or  nitrogen  present  in  the  mineral  and 
no  evidence  of  their  presence  could  be  obtained.  After  igni- 
tion the  mineral  has  a  light  buff  color  and  goes  into  solution 
more  difficultly  than  the  unignited  material. 

A  qualitative  test  for  ferrous  iron,  made  as  recommended  by 
Penfield,*  proved  its  entire  absence.  The  oxidation,  therefore, 
of  potassium  permanganate  by  a  cold  sulphuric  acid  solution  of 
the  mineral  was  taken  as  an  indication  that  part  at  least  of  the 
uranium  present  was  in  the  form  of  the  dioxide,  and  the  figure 
given  for  this  oxide  in  the  analysis  was  obtained  by  titration 
with  permanganate. 

For  the  main  portion  of  the  analysis,  the  mineral  was  decom- 
posed with  hydrofluoric  acid  (the  J.  Lawrence  Smith  method). 
The  greenish  white  residue  of  earth  fluorides  wjts  filtered  off, 
converted  into  sulphate  (a  little  lead  sulphate  came  out  at  this 
point)  and  twice  precipitated  with  ammonium  hydroxide  to  sep- 
arate the  earths,  etc.,  from  the  lime.  The  earths  were  sepa- 
rated from  the  iron  and  uranium  by  precipitation  with  oxalic 
acid.  Thorium  and  cerium  earths  were  taken  out  as  described  by 
Hillebrand.f  The  cerium  earths  were  separated  from  thorium 
by  means  of  sodium  thiosulphate  and  ammonium  oxalate  pre- 
cipitations.:}: The  earths  were  all  finally  precipitated  as  oxalates, 
before  ignition  and  weighing.  Great  care  was  taken  to  insure 
the  complete  recovery  of  earth  oxalates  from  the  filtrates. 
Some  were  almost  invariably  recovered,  which  again  empha- 
sizes the  caution,  in  this  regard,  given  in  the  article  re- 
ferred to  above  by  Dr.  Ilillebrand.  The  yttrium  earth  oxides 
were  of  a  light  buff  color  and  gave  a  pink  nitrate  solution.  This 
tested  spectroscopically  showed  the  characteristic  absorption 
spectra  of  erbium.  The  molecular  weight  was  found  to  be 
268-4  (R,0,). 

The  cerium  oxides  were  brown  in  color  and  when  dissolved  in 
hydrochloric  acid  gave  a  yellow  solution.  Tested  spectroscopic- 
ally the  didyrniura  bands  were  obtained  and  a  faint  band  in  the 
position  of  the  most  characteristic  erbium  line,  indicating  a  slight 
contamination.  The  molecular  weight,  determined  as  331'0 
(R,0,),  is  probably  not  exact  owing  to  the  small  total  weight 

*  Brush  and  Penfield's  Determinative  Mineralogy,  p.  87. 

+  This  Journal  (4),  xiii,  p.  148,  1902. 

X  See  Metzger,  Am.  Chem.  Jour.,  xxiv,  901,  1901. 
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of  the  oxides.  Iron  was  separated  from  the  uranium  of  this  por- 
tion by  passing  hydrogen  sulphide  through  the  warm  solution 
when  nearly  saturated  with  ammonium  carbonate.* 

The  filtrate  from  the  original  hydrofluoric  acid  treatment 
was  evaporated  to  fuming  with  sulphuric  acid.  After  cooling 
and  dilution  with  water,  ammonmm  hydroxide  and  freshly 
prepared  colorless  ammonium  sulphide  were  added  and  the  pre- 
cipitated hydroxides  were  digested  on  the  water-bath.  After 
filtration  and  solution  the  precipitation  and  digestion  were 
repeated  and  the  tungsten  thus  extracted  was  determined 
in  the  combined  filtrates.  Tin  was  tested  for,  but  not  found. 
Doubtless  a  little  tungsten  remains  with  tlie  titanium,  etc.,  but 
in  the  writer's  experience  the  above  method  involves  smaller 
errors  than  tfie  one  where  a  sodium-carbonate-sulphur  fusion  is 
made.  After  the  second  digestion  with  ammonium  sulphide 
the  precipitated  hydroxides  were  allowed  to  stand  with*strong 
sulpliurous  acid,  whereby  the  dark  colored  iron  sulphide  and 
some  titanium  and  uranium  passed  into  solution.  The 
hydroxides  were  again  dissolved  in  hydrofluoric  acid,  and 
later  expelled  with  sulphuric  acid,  and  the  solution  barely 
neutralized  with  ammonium  hydroxide,  after  which  an  excess 
of  ammonium  carbonate  was  added,  together  with  some  fresh 
colorless  ammonium  sulphide.  By  this  means  the  uranium 
was  extracted  together  with  a  little  titanium.  By  repeated 
reprecipitations  m  the  presence  of  ammonium  carbonate,  the 
uranium  was  obtained  free  from  all  but  a  trace  of  iron  and 
titanium.  A  little  additional  iron  was  recovered  from  the 
main  precipitate  by  means  of  sulphurous  acid.  The  small 
amount  of  titanium  which  goes  with  the  iron  is  easily  recov- 
ered by  precipitation  with  sodium  acetate  in  the  presence  of 
acetic  and  sulphurous  acids. 

The  ignited  oxides  of  titanium  and  niobium  when  fused 
with  acid  potassium  sulphate  and  leached  out  with  cold  water, 
pass  almost  completely  into  solution  (all  but  0*0021  gr.  from 
0*3139  gr.  in  the  sample  treated).  Qualitative  test«  according 
to  the  procedure  recommended  by  Dr.  A.  A.  Noyesf  showed 
the  presence  of  enough  niobium  to  give  the  characteristic 
brown  color  to  the  solution  after  reduction  by  means  of  a  zinc 
cohinm,  and  to  produce  immediately  an  abundant  white  per- 
cipitate  in  the  solution  of  mercuric  chloride.  This  test  is  a 
delicate  one  and  the  reaction  may  be  obtained  with  only  a  few 
milligrams  of  niobic  acid.  This  taken  in  connection  with  the 
fact  that  but  a  small  residue  remains  from  the  leaching  of  the 
bisulphate    fusion,  points  to  the   presence  of    only    a    small 

*  For  snggesting  this  satisfactory  form  of  the  iron-nranitim  separation  we 
are  indebted  to  Dr.   B.  B.   Boltwood  of  New  Haven. 

t  A  System  of  Qualitative  Analysis,  Technology  Quarterly,  vol.  xvii,  No.  3, 
1904. 
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amount  of  niobium  and  tantalum.  As  will  be  pointed  out  in 
the  accompanying  note  on  the  estimation  of  niobmm  and  tanta- 
lum in  tne  presence  of  titanium,  it  is  entirely  possible  for 
several  per  cent  of  niobium  and  tantalum  to  be  present  and 
still  leave  practically  no  residue  when  fused  with  bisulphate 
and  leached  with  water.  At  present  there  appears  to  be  no 
way  of  accurately  determining  the  small  amount  of  niobium 
present.     Tantalum  was  found  to  be  present  only  as  a  trace. 

Assuming  that  the  amount  of  niobium  is  too  small  to  affect 
the  molecumr  ratio  materially,  we  have  on  combining  the  acid 
and  basic  radicals,  as-  shown  in  table  above,  the  following 
approximate  ratios: 

H,0      :     R"0      :    R/"0,    :    R^^O,     :     TiO,  etc. 
0:1:3  :         1         :         16 

Where  R"0  is  chiefly  lime,  ll,"'0,  chiefly  yttrium  earths, 
RO,^^  chiefly  thorium.  The  mineral  is  thererore  essentially  a 
hydrous  titanate  of  the  yttrium  earths  Bnd  thorium.  The 
above  ratios  may,  of  course,  be  no  more  than  a  coincidence 
but  they  are  sufficiently  sharp  to  argue  in  favor  of  the  correct- 
ness of  our  assumptions.  In  view  of  the  necessary  incomplete- 
ness of  the  analysis  and  also  of  the  small  amount  of  exact 
knowledge  whicli  we  possess  regarding  the  true  molecular 
relations  existing  between  the  so-called  "rare-earths"  and  acid 
radicals,  a  further  discussion  here  of  the  constitution  of  this 
mineral  is  hardly  worth  while.  In  fact  it  may  be  remarked 
that  before  a  satisfactory  understanding  of  the  entire  group 
of  the  so-called  "  titano-niobates "  can  be  had,  we  must  have, 
not  only  better  analytical  methods  but  also  much  clearer  ideas 
of  the  capacity  of  these  elements,  and  their  compounds,  to 
form  isomorphous  mixtures  and  solid  solutions. 

Raduhactive  properties, — Some  fragments  of  the  mineral 
were  examined  for  radio-activity  by  Professor  B.  B.  Boltwood 
of  New  Haven,  to  whom  we  wish  to  express  our  thanks  for 
his  kindness.  The  total  activity  of  the  mineral  was  found  to 
correspond  to  10  per  cent  of  thorium  and  2*08  per  cent  of 
uranium.  The  amount  of  uranium  found  by  analysis  was  2*29 
per  cent  and  of  thoria  8*75  per  cent,  which  are  in  very  satis- 
factory agree  pient  with  Dr.  Bolt  wood's  figures. 

The  mineral  is  evidently  a  new  species  and  the  authors  would 
suggest  the  name  Yttrocrasite  for  it. 
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Art.  XLV. — Note  on  the  Estimation  of  Niobium  and  Tan- 
talum, in  the  presence  of  Titanium  ;  by  C.  H.  Wakren. 

The  obtaining  of  a  strong  reaction  for  niobium  in  the  mineral 
described  in  the  previous  paper  and  the  failure  to  obtain  more 
than  a  fraction  of  a  per  cent  of  niobium  by  means  of  the  acid 
potassium  sulphate  fusion  and  leaching  in  cold  water,  naturally 
led  to  an  examination  of  the  methods  for  estimating  these  ele- 
ments quantitatively  in  the  presence  of  each  other. 

So  far  as  fhe  writer  can  ascertain,  the  most  common  method 
followed  is  that  involving  a  fusion  with  bisulphate  of  potash 
followed  by  leaching  with  cold  water,  these  operations  being 
repeated  until  all  the  titanium  has  passed  into  solution,  while  the 
niobic  and  tantalic  oxides  remain  behind.  In  his  Svstem  of 
Qualitative  Analysis,*  page  218,  Dr.  A.  A.  Noyes  states  that 
when  treated  in  tnis  manner  fairly  large  quantities  of  niobium 
and  tantalum  pass  into  solution  with  titanium  when  much  of 
the  latter  is  present.  With  this  statement  in  mind  a  few  exper- 
iments were  made  to  gain  some  further  idea  of  the  magnitude 
of  the  error  involved  in  the  method. 

Pure  TiO,  was  prepared  from  selected  crystals  of  rutile  by 
the  usual  chemical  methods.  Nb^O^  and  Ta,0,  were  prepared 
from  the  columbite  of  Branch ville,  Conn.,  after  the  method 
described  by  Osborne,t  except  that  the  precipitated  oxides  were 
digested  for  some  time  with  ammonium  sulphide  to  insure  the 
removal  of  any  tungsten  or  tin  which  might  be  present.  The 
final  products  were  subjected  to  the  most  careful  qualitative 
exammation  and  no  impurity  other  than  a  trace  of  iron  could 
be  detected. 

The  attempts  at  separating  these  oxides,  quantitatively,  when 
mixed  together  were  very  unsatisfactory,  and  although  few  in 
number  seem  to  thorouglily  confirm  Dr.  Noyes'  statement 
Indeed,  considerable  quantities  of  niobium  may  be  made  to  pass 
into  solution  with  the  titanium,  as  the  figures  given  below  show. 
In  the  first  three  experiments,  the  fusion  and  leachings  were 
thrice  repeated.  In  each  case  the  fusion  was  mashed  to  a  pow- 
der under  cold  water  in  an  agate  mortar  and  allowed  to  stand 
with  from  250  to  300^°  of  water  for  twenty-four  hours.  The 
titanium  was  precipitated  from  the  combined  filtrates  with 
ammonium  hydroxide,  filtered,  washed  free  from  sulphates 
and  ignited  to  a  constant  weight.  The  residues  from  the  first 
two  leachings  gave  a  strong  reaction  for  titanium  with  hydro- 
gen peroxide,  and  a  small  amount  of  titanium  always  remained 
in  the  last  ret^idne. 

♦Technology  Quarterly,  vol.  xvii.  No.  3,  1904. 
t  This  Journal  (3),  xxx*  330,  1885. 
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Weight  in  gram! 

\ : 

Wgt.  of 

Of  NbaOft— Ta,0» 

oxidef) 

(about  3:1)  Uken                      Of  TiOi 

extracted                Excess 

No.  1   -2500                              -2359 

•3046                    -0687 

No.  2  -2103                              -2039 

•2680                    -0541 

No.  3   -3031                              -2698 

•2883*                 -0185 

No.  4  -0178  (Nb,0.  only)  -3605 

*0010  niobium 

undissolved 

From  No.  4  it  would  appear  that  as  much  as  5  per  cent  of 
niobium  may  pass  into  solution  with  an  excess  of  titanium  and 
thus  be  practically  lost  in  the  course  of  analysis.  Although  fur- 
ther study  of  the  most  favorable  conditions  of  fusion  and  solu- 
tion might  be  of  interest  in  themselves,  the  method  appears  to 
offer  little  chance  of  being  modified  so  as  to  give  more  than 
roughly  approximate  results. 

The  metnod  proposed  by  T.  B.  Osbornef  was  next  examined. 
This  depends  on  the  titration  of  a  solution  containing  the  tita- 
nium and  niobium  in  the  lower  state  of  oxidation  with  potas- 
sium permanganate,  thus  oxidizing  these  elements  to  the 
higher  oxides,  and  the  subsequent  estimation  of  titanium  colori- 
metrically,  while  any  tantalum,  which  is  not  reduced  to  the 
lower  oxide,  present  in  the  original  sample,  is  found  by  dif- 
ference. The  method  of  procedure  is  brieny  this :  the  mixture 
of  the  three  acids,  tantalic,  niobic  and  titanic,  is  dissolved  in 
hydrofluoric  acid  and  the  excess  of  acid  expelled  on  the  water 
bath.  The  fluorides  thus  obtained  are  dissolved  in  concentrated 
hydrochloric  acid  washed  with  the  same  acid  into  a  100"  flash 
(total  volume  about  50*^^^^  and  reduced  for  three-quarters  of  an 
hour  with  amalgamated  zinc  and  a  piece  of  platinum  foil  in 
an  atmosphere  of  carbon  dioxide  at  a  temperature  of  80*^  0. 
The  reduced  solution  is  cooled  thoroughly,  diluted  with  freshly 
boiled,  cold  water  to  about  350*^*^ and  titrated  with  permanganate. 
To  this  solution  ammonia  is  added  in  slight  excess,  the  pre- 
cipitate formed,  just  dissolved  in  sulphuric  acid,  and  the 
volume  made  up  to  exactly  500*^^  The  titanium  is  then  esti- 
mated colorimetrically,  with  hydrogen  peroxide  in  50***^  por- 
tions of  this  solution. 

For  any  except  small  amounts  of  titanium  the  colorimetric 
method  is  open  to  the  serious  objection  that  any  error  in  esti- 
mating the  amount  of  titanium  in  the  aliquot  portion  (and  that 
error  can  hardly  fail  to  be  considerable  where  a  large  amount 
of  titanium  is  present)  is  multiplied  by  ten  in  estimating  the 
total  amount  present.  Mr.  Osborne  gives  the  result  of  only  a 
single  application  of  the  method.     The  figures  are  as  follows  : 

*  Still  gave  a  strong  reaction  for  titanium. 

fThe  Quantitative  Estimation  of  Niobium,  this  Journal  (3),  xxx,  pp.  388- 
387,  1885. 
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Nb,0» 

Ta,0, 

TiO, 

Taken, 

•3357  gr. 

•2246  gr. 

-0687  gr. 

Found, 

•3314  gr. 

•2289  gr. 

•0667  gr. 

The  agreement  here  is  qnite  satisfactory  but  as  the  relative 
amount  of  titanic  oxide  is  small,  and  as  the  writer  had  never 
had  any  experience  with  the  method,  it  was  decided  to  make  a 
trial  of  the  method  before  nsing  it  in  an  analysis.  In  experi- 
ments 1-4  of  those  given  below  Air.  Osborne's  directions  were 
followed  closely.  In  Nos.  5  and  6  the  time  of  reduction  was 
increased  and  in  No.  6  the  volume  of  acid  was  doubled.  One 
other  experiment  was  tried  and  the  temperature  raised  to 
nearly  100°  C. :  but  as  a  separation  of  the  metallic  acids  took 
place  this  one  is  not  inchided.  The  results  obtained  by  reduc- 
tion and  titration  are  as  follows ; 

Gram  Dif- 

Wgt.  taken  in  grams     KMnOi  Grams   ferences 

Time  of  Vol-  . >       re-      KMnO«        in 

No.  reduct'n  Temp,  ame  Nb^O*  Ta^O*   TiOs  qnired  nsed   g^ms 

1  jhr.   80°  C.  60"  -2163  -1649  •2453  -1988  •1450  —0540 

2  "     "     "   -2034  -1062   2083  ^1783  •1551  —0232 

3  "     '*     "   ^2067  -1090  ^0708  •1254  -1138  —-0116 

4  "     "     "   "2283  -1054  -2079  ^1899  ^1630  — -0269 

5  1"     "     "   ^1889        •1933  •1565  '1317  —0248 

6  1"     "    100"  -2140        -2033  -1814  ^1620  —0183 

The  large  size  and  irregularity  of  the  resulting  errors  led  the 
writer  to  abandon  further  work  on  the  method  with  the  con- 
clusion that  it  is  whollv  unsatisfactory  as  it  stands.  One  source 
of  error  in  the  method  is  possibly  tlie  loss  of  some  volatile,  me- 
tallic fluoride  during  the  removal  of  the  hydrofluoric  acid  on  the 
water  bath.  The  addition  of  sulphuric  acid  with  the  hydro- 
chloric in  order  to  prevent  such  volatilization  is  inadvisable, 
since,  as  Mr.  Osborne  states,  the  reduction  of  the  niobium  is 
then  far  from  constant,  and  it  may  be  added,  the  tendency  of 
the  metallic  acids  to  precipitate  during  reduction  would  be 
greater. 

There  appears  to  be,  so  far  as  the  writer  can  discover,  no 
method  by  which  more  than  a  rough  approximation  toward  a 
quantitative  separation  of  these  elements  can  be  effected  notwith- 
standing the  numerous  analyses  purporting  to  have  accomplished 
a  separation  of  sufficient  accuracy  to  warrant. considerable 
speculation  as  to  the  chemical  constitution  of  the  group  of  min- 
erals containing  these  elements.  The  problem  of  their  separa- 
tion is  an  extremely  interesting  one  mineralogically  as  well  as 
chemically,  since  the  constitution  of  so  many  highly  inter- 
esting minerals  depend  on  its  successful  solution.  Tne  increas- 
ing use  of  tantalum  in  lamps  and  perhaps  in  other  ways,  and 
its  common  occurrence  with  niobium  and  titanium  make  a  sat- 
isfactory quantitative  separation  of  these  elements  highly  desir- 
able, and  it  is  to  be  hoped  that  it  may  soon  be  realized. 

Laboratory  oi  ^mexaVo^^, 
MasBachuBetts  Institute  otTec\mo\o%^,'BQ«X«^,'^^w^. 
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Akt.  XLVI. —  Ceanothus  Americanus  L.  and  avatus  Desf . ; 
a  morphological  and  anatomical  study;  by  Theo.  Holm. 
(With  five  figures  in  the  text,  drawn  from  nature  by  the 
author.) 

Ceanothus  Americanus  L.  is  very  frequent  in  the  vicinity  of 
Washington,  D.  C,  and  occurs  in  dry  copses  or  in  open  fields ; 
the  other  species  C.  ovattcs  Desf.  is  confined  to  the  Potomac 
shore,  where  it  inhabits  the  rocks  at  "  Little  Falls  "  associated 
with  Baptisia  australis  R.  Br.,  Physostegia  Virginiana 
Benth.,  Lvthrum  alatum  Pursh,  Scirpus  lineatus  Michx.,  etc. 
They  both  are  widely  distributed  tnrough  the  Eastern  and 
Central  States  extending  northward  to  Canada,  while  nearly 
all  of  the  other  species  of  the  genus  are  Californian. 

The  RhamnacecB^  to  which  our  genus  belongs,  comprises 
thirty-seven  genera  in  accordance  with  Bentham  and  Hooker  ; 
the  diagram  of  the  flower  has  been  described  by  Eichler,*  and 
the  general  types  of  the  inflorescence  have  been  briefly  men- 
tioned by  the  same  author  (1.  c). 

A  few  species  of  Rhamnus  have  been  studied  at  the  seed- 
ling-stage by  Irmisch,f  and  of  CoUetia  by  Lubbock. :]:  Myco- 
rhizod  were  detected  in  Ceanothus  Americanus  by  W.  J.  Beal§ 
and  the  fungus  identified  by  Geo.  F.  Atkinson  as  Frankia 
Ceanothi.\ 

The  internal  structure  seems  to  be  better  known  and  a  very 
instructive  discussion  of  the  anatomical  features  of  a  number 
of  genera  and  species  is  to  be  found  in  Solereder's  work  :  Sys- 
tematische  Anatomic  der  Dicotyledonen.^f 

However,  among  the  Rham^nacecB  thus  treated,  Ceanothus 
has  been  merely  briefly  touched  upon,  and  since  the  writer  has 
had  the  opportunity  of  studying  tlie  two  species  that  occur  in 
the  district  of  Columbia,  the  following  notes  may  be  presented 
as  a  small  contribution  to  the  knowledge  of  the  genus. 

The  germination, — As  stated  above,  Irmisch  has  described 
the  seedlings  of  Rhamnus  cathartica  and  Rh,  Frangula  (1.  c), 
and  he  calls  attention  to  the  fact  that  the  cotyledons  of  the 
former  are  epigeic,  but  of  the  latter  hypogeic.  In  Rh. 
cathartica  the  cotyledons  are  green,  larger  than  the  succeed- 
ing leaves  during  the  first  season,  and  borne  upon  a  distinct 
hypocotyl.     The  leaves  succeeding  the  cotyledons  are  arranged 

♦Bltltliendiagramme.     Pars  2,  1878,  p.  371. 
t  Flora,  1855,  p.  625. 

\  A  contribution  to  our  knowledge  of  seedlings.     London,  1892,  vol.  i, 
p.  344. 

SBotan.  Gazette,  vol.  xv,  p.  232. 

I  Bun.  Torrey  Bot.  Club.  vol.  xix,  1892,  p.  171. 

ff  Stuttgart,  1899,  p.  247. 
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Ceaiiothua 

Fig.  I.  tjeedlinft.  natural  oizv.    R  =  the  pnmBTy  root  with  tn;corhixie(M); 
H  =  Hyi»c)cot)-I ;  Ep.  =  Epicotyl ;  L— L  =  the  two  opposite  leaves ;  L'  and 
L*  =  tlip  HUCfeediiig,  BpiTftlly  airauged  leaves. 
FlQ.  2,  A  cotyledon.  ]nt^{lli&e<1. 

Fig.  ii.  A  yuang  plant  in  the  second  year,  natarol  size.     St.  =  the  dead 
Btem  of  previoQH  year ;  the  other  letters  as  above. 
Fia.  4.  A  plant  in  the  t\i\rd  year,  nR\,ivia\  nw.    Letters  at  above. 
Fia.  a.  Tmnsverse  sectioa  ot  petioVeot  matate  \«iil\^-Q.sC^ideTmis; 
CoU.  =  Collenchyma ;  M  =  a  miic\\B%6-e6\\,n5Aa. 
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spirally,  and  the  first  ones  are  often  merely  scale-like  and 
rudimentary ;  buds  were  observed  in  the  axils  of  the  cotyle- 
dons. In  li/i,  Frangula^  on  the  other  hand,  the  cotyledons 
remain  enclosed  by  the  seed,  and  the  hypocotyl  is  very  short, 
but  otherwise  the  development  of  leaves  and  buds  is  the  same 
as  in  the  former  species.  In  Rh,  davuricus  and  CoUetla 
cornuta^  described  by  Lubbock  (1.  c),  tlie  cotyledons  are 
epitjeic. 

The  seedling  of  Ceanothus  Amerieanus  agrees  with  that  of 
lihamnus  cathartka  so  far  as  concerns  the  epigeic  cotyledons 
with  buds  and  the  presence  of  a  distinct  liypocotyl.  Our 
figure  1  shows  a  seedling  where  the  cotyledons  (Cot.)  are 
borne  upon  an  erect  hypocotyl  (II);  the  epicotyl,  the  first 
internode  (Ep.),  is  quite  long,  and  the  first  two  leaves,  succeed- 
ing the  cotyledons,  show  the  same  outline  and  venation  as  the 
typical  leaf  of  this  species,  but  are  opposite  (L  and  L),  in  con- 
trast to  the  others,  which  are  spirally  arranged  (L' — L*). 
Buds,  though  very  minute,  are  developed  in  the  axils  of  all 
the  leaves  including  the  cotyledons.  The  prhnary  root  (R)  is 
long  and  slender  with  some  of  the  lateral  branches  transformed 
into  mycorhizae  (^^),  represented  by  small  globular  tubercles. 
Characteristic  of  the  seedling  is  thus  the  presence  of  eotylc- 
donary  buds,  the  position  of  the  first  leaves  (L)  being  opposite 
and,  finally,  the  early  appearance  of  the  mycorhizae. 

The  raniiJicutio}t  (if  the  shoot. --DnYin^  the  first  season  the 
seedling  does  not  develop  any, further  than  the  t^pecimen, 
which  we  have  fisfured,  but  the  cotyledons  fall  off  in  the 
month  of  June,  and  at  the  end  of  the  season  the  hypocotyl 
and  sometimes,  also,  the  epicotyl  are  the  only  parts  remaining 
ab(>ve  ground,  the  other  internodes  having  faded  away  entirely; 
at  the  same  time  the  hypocotyl  has  bent  itself  downwards  to 
the  ground,  though  witlioiit  any  development  of  secondary 
roots.  When  the  plant  is  one  year  old,  we  notice  two  oppo- 
site leaf-bearing  shoots  (fig.  3)  either  developed  from  the  axils 
of  the  cotyledons  or  of  the  opposite  leaves,  succeeding  these, 
while  the  main  stem  (St.)  ha,s  died  off,  but  remains  as  a  blackish 
branch.  It  seems  to  be  the  most  frequent  case  that  the  rami- 
fication of  the  shoot  takes  place  bv  means  of  the  cotvledonarv 
buds,  but  as  stated  above,  when  these  do  not  develop,  the  buds 
of  the  opposite  leav^es  produce  the  branches.  The  hypocotyl 
is  now  horizontal  (H)  and  the  primary  root  has  increased  in 
length  and  thickness,  besides  that  the  mycorhizae  are  much 
larger  (M). 

While  examining  a  number  of  young  plants  at  this  stage, 

we  noticed   a  peculiarity,  which  seems  to  be  constant  in  our 

species.     This  peculiarity  consists  in  the  fact  that  the  greater 

Am.  Jour.  Sci. — Fourth  Series,  Vol.  XXII,  No.  132. — December,  190G. 
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portion  of  the  primary  root  has  become  compressed,  and  very 
prominently  so  at  the  base.  By  examining  the  internal  struc- 
ture we  readily  noticed  that  a  very  irregular  growth  had  taken 
place.  The  rays  of  hadrome  liad  increased  in  thickness  much 
more  on  the  one  side  of  the  root  than  on  the  other,  thus  the 
vessels  showed  the  arrangement  somewhat  similar  to  a  fan. 
A  similar  case  has  been  reported  by  Wigand,*  who  observed 
that  while  the  primary  root  in  Ononis  repens  and  spinosa 
shows  a  normal  and  concentric  growth  during  the  first  year  (at 
the  seedling  stage),  it  exhibits  a  verv  conspicuous,  excentric 
increase  in  the  sncceedino:  vear.  This  is  due  to  the  one-sided 
enlargement  of  the  hadrome ;  besides  that  the  medullary  rays 
have  not  only  been  prolonged,  but  also  very  considerably 
broadened  towards  the  periphery  in  exactly  the  same  way  as 
in  i^wv  Ceanoilius,  The  so-called  '' Bretterwurzel "  described 
by  Haberlandtf  shows  the  same  structure,  but  this  root-type 
has  a  special  function  which  cannot  be  attributed  to  the  roots 
of  eitlier  OnoiriH  or  Ceanothns^  since  these  are  completely 
underi'round.  It  is  an  anomaly,  which  seems  to  be  rare 
among  shrubs  and  herbs,  and  we  are  unable  to  offer  any  expla- 
nation as  to  its  cause ;  we  can  only  state  that  all  the  specimens 
examined  of  C.  Amerieanus  and  ovatus  showed  this  root- 
structure  when  more  than  a  year  old,  and  that  it  seems  very 
improbable  that  it  might  be  due  to  tlie  nature  of  the  soil, 
since  the  one  of  these  species  (6*.  Americanus)  grows  in  clay- 
ish  or  somewhat  sandy  soil,  while  the  other  seems  to  thrive 
only  among  rocks  with  the  roots  tightly  pressed  in  the  narrow 
fissures.  It  would  be  interesting  to  know  whether  the  numer- 
ous Californian  species  behave  in  the  same  manner. 

If  we  examine  a  plant  in  the  third  season  (fig.  4),  we  notice 
the  same  princi)>al  structure  as  shown  in  our  figure  3.  The 
hypocotyl  (H)  is  still  very  distinct,  and  the  scai-s  from  the 
cotyledons  (Cot.)  are  plainly  visible  with  two  stem-bases  from 
the  preeeding  year  (St.),  while  there  is  no  trace  of  the  primary 
stem  above  the  cotyledons.  Y'^oung  lateral  shoots  develop  now 
from  the  basal  leaves  of  "the  stems  of  the  previous  year  :  they 
are  yet  purely  vegetative  and  die  off  to  near  the  base  during 
the  fall.  In  regard  to  the  root,  this  has  increased  very  con- 
siderably in  length  and  thickness ;  the  irregular  structure  is 
very  pronounced,  and  the  mycorhizae  are  quite  large,  but  do 
not  yet  show  any  signs  of  ramifying. 

When  the  plant  has  reached  the  age  of  about  five  years  it 
commences  to  flower ;  the  ramification,  however,  is  exactly  the 
same  as  described  above,  and  the  flowers  develop  exclusively 
upon  shoots  of   the  same  season.      One  point  deserves  men- 

♦Einige    Beispiele  anomaler  Bildung  des  Holzk5rper8.     (Flora,  1856,  p. 
674.) 
f  Eine  botanische  Tropenreise.     Leipzig,  1893,  p.  104. 
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tion,  and  that  is  the  purely  vegetative  nature  of  the  terminal 
bud  in  C.  Americaiins  in  contrast  to  G.  ovatus,  where  the 
branches  are  terminated  by  an  inflorescence.  In  G.  Americanus 
it  seems  to  be  a  constant  character  that  the  inflorescences  are 
lateral ;  the  terminal  vegetative  bud  does  not,  however,  seem 
to  be  of  any  importance  to  the  plant,  since  the  shoots  die  oflE 
to  near  the  ground  as  observed  in  the  younger  specimens.  In 
G.  ovatics  we  observed  no  case  wliere  the  apical  inflorescence 
was  not  terminal,  but  it  was  frequently  noticed,  however,  that 
the  branches  bore  lateral  inflorescences  below  the  terminal ;  thus 
two  or  three  inflorescences  may  be  developed  on  the  same 
shoot.  We  regret  to  say  that  the  herbarium  material  which 
we  have  examined  of  the  other  species  was  not  sufticient  to 
demonstrate  whether  the  apical  vegetative  or  apical  floi'al  bud 
is  the  one  that  is  most  characteristic  of  the  genus.  Besides 
the  lateral  floral  branches  in  G,  Americanxcs^  we  noticed  also 
that  lateral  vegetative  shoots  may  be  developed  below  these  ; 
in  many  cases  the  tirst  two  leaves  of  these  vegetative  shoots 
were  observed  to  be  opposite,  similar  to  those  of  the  seedling. 

In  regard  to  the  mflorescence,  the  flowers  are  arranged  in 
small  helicoid  cymes,  destitute  of  fore-leaves. 

If  we  compare  now  the  seedling  of  G.  ovattis  with  that  of 
C,  Am£ricanu8^  described  above,  we  find  the  same  structure, 
the  epigeic  cotyledons,  the  distinct  hypocotyl  and  the  two 
opposite  leaves  preceding  the  spirally  arranged.  The  primary 
root  shows  the  same  development,  but  we  were  unable  to  detect 
the  mycorhizse ;  these  were  evidently  broken  off  since  the 
roots  were  more  or  less  damaged  by  being  dug  out  of  the 
stony  soil.  The  growth  of  the  shoots  in  mature  specimens  is 
identical  with  that  of  the  former  species  with  the  exception  of 
the  inflorescence  being  terminal. 

The  internal  atructare  of  the   vegetative  organs  of   Ceanothua 

Americanus, 

The  root. — During  the  first  season  the  root  has  alreadv  com- 
menced  to  increase  in  thickness,  but  the  epidermis  is  still  pre- 
served, and  bears  numerous  hairs.  No  exodermis  is  differen- 
tiated, and  the  cortical  parenchyma  consists  only  of  five 
compact  strata.  The  endodermis  is  thin-walled  and  surrounds 
a  pericambium  and  several  groups  of  leptome  separated  from 
the  hadromatic  rays  by  layers  of  cambium.  No  liyphae  and 
no  mucilage-cells  were  observed.  In  the  second  year  the  root 
has  become  somewhat  compressed  near  the  base  ;  epidermis 
has  been  thrown  off,  and  a  secondary  cortex  of  about  six  com- 
pact layers  has  been  developed.  The  central  cylinder  shows 
the  irregular  increase  in  thickness  as  described  above,  due  to 
the  one-sided  growth  of  the  hadromatic  rays.  Near  the  apex 
of  the  same  root  the  structure  is  normal  with  the  various  ele- 
ments arranged  strictly  concentric.     The  mycorhizse  appear  as 
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swellings  on  the  lateral  roots ;  tliey  are   nnbranehed  and  are 
much  tliicker  than  the  normal  ones.     Their  epidermis  is  simply 

Sapillose,  and  there  is  no  exodermis.  Tiie  cortex  consists  of 
ve  peripheral  strata  of  normal  structure,  and  of  six  internal, 
the  cells  of  which  arc  very  large,  stretched  radially  and  filled 
with  the  fungus.  The  endodermis  is  like  that  of  the  main 
root  and  free  from  fungus.  A  pericambium  surrounds  live 
groups  of  leptome  and  a  central,  confluent  mass  of  hadrome. 

The  ])rimary  root  persists  and  represents  a  long,  woody 
taproot  in  old  specimens,  reaching  a  thickness  of  about  1*^"*  or 
even  a  little  more ;  such  old  roots  are  generally  of  a  reddish 
brown  color  due  to  the  cell-contents  of  the  peripheral  strata  of 
the  cortex.  Another  peculiarity  possessed  by  the  mature 
root  is  the  presence  of  sclerotic  cells,  which  occur  in  groups 
in  the  secondarv  cortex.  Otherwise  the  mature  root  shows  the 
same  structure  as  observed  in  younger  specimens,  with  a  very 
]>ronounced,  exceutric  growth  of  the  hadrome  and  the  medul- 
larv  ravs. 

T/t(^  lc((ves. — The  cotyledons  (fig.  2)  have  stomata  on  both 
faces  of  the  blade  ;  these  are  surrounded  by  several  cells,  from 
four  to  seven,  none  of  which  are  parallel  with  the  stoma. 
The  stonuita  are  most  numerous  on  the  dorsal  face  of  the 
blade.  The  chlorenchyma  is  differentiated  into  a  typical  pali- 
sade-tissue and  an  open  pneumatic  tissue  of  roundish  or  oblong, 
loosely  connected  cells.  An  almost  colorless  parenchyma- 
sheath  surrounds  the  very  thin  mestomc-strands,  which  have 
no  su]>port  of  stereomatic  or  collenchymatic  tissues. 

The  petioles  of  the  cotyledons  have  no  chlorenchyma,  but  a 
large  tissue  of  colorless  cells  which  surrounds  two  separate, 
broad  mestome-strands.  The  cuticle  is  wrinkled  and  epidermis 
quite  thick-walled.  A  layer  of  coUenchyma  separates  epidermis 
from  the  colorless  tissue,  in  which  a  few,  two  to  three,  muci- 
lage-cells are  located. 

In  a  mature  leaf  from  a  flower-bearing  shoot  we  meet  with 
the  same  bifacial  structure  as  observed  in  the  cotyledons,  but 
the  stomata  are  here  confined  to  the  dorsal  face.  The  cuticle 
is  quite  thick  and  prominently  wrinkled;  the  outer  cell-wall 
of  ej)idermis  is  moderately  thickened  where  it  covers  the  veins, 
and  hairs  are  quite  numerous.  They  are  of  two  kinds:  uni- 
and  phiri-cellular,  thick-walled,  with  the  apex  pointed  and  more 
or  less  curved.  The  pluri-cellular  liaii*s  (of  several  cells  in  a 
single  row)  occur  above  and  below  the  larger  veins,  and  out- 
side the  pneumatic  tissue.  The  chlorenchyma. consists  of  two 
to  three  layers  of  palisades  on  the  ventral  face  of  the  blade, 
and  of  four  to  five  strata  of  open,  pneumatic  tissue  on  the  dorsal. 

A  thin-walled,  colorless  parenchyma  surrounds  the  larger 
veins ;  it  consists  of  about  three  strata  above,  but  of  six  below 
these,   and    is   separated    from    epidermis    by    collenchyma. 


T,  Holm — Ceanothus  Americaiuis  and  ovatiis,        529 

Mucilage-cells  occur  in  the  colorless  tissue ;  they  are  much 
wider  than  the  surrounding  parenchyma-cells,  but  only  a  little 
longer;  they  contain  a  clear,  colorless  mucilage  and  are  very 
conspicuous  in  cross-sections.  Tliese  mucilage-cells  were  in  the 
JihamnacecB  first  described  by  Guignard  and  Colin,*  while  the 
occurrence  of  mucilage  in  epidermis  of  lihamnus  and  other 
genera  of  this  family,  but  not  in  Ceanothus^  has  been  discussed 
by  Blenk.f 

The  midvein  and  the  two  lateral  nerves  from  the  base  of 
the  leaf  are  quite  thick  on  the  dorsal  face  of  the  blade.  They 
are  supported  by  collenchyma,  as  described  above,  but  have 
uo  stereome  and  no  parencliy ma-sheath  ;  the  leptome  and  had- 
rome  is  well  developed,  forming  a  broad,  crescent-shaped 
strand  in  transverse  section  with  manv  rows  of  vessels.  The 
other  veins  are  much  thinner  and  are  completely  imbedded  in 
the  green  chlorenehyma ;  in  these  the  mestome  is  surrounded 
by  a  colorless  parenchyma-sheath,  but  with  no  support  of 
collenchyma ;  the  cross-section  of  these  minute  veins  is  elliptic 
to  almost  orbicular. 

The  petiole  of  the  mature  leaf  is  hemicylindric  in  transverse 
section  and  hairy  like  the  blade.  There  is  no  chlorenehyma, 
and  the  very  broad,  single  mestome-strand  is  directly  surrounded 
by  a  mass  of  colorless  tissue  in  wliicdi  the  mucilage-cells  are 
very  conspicuous  (fig.  5.)  A  sheath  of  thick-walled  collen- 
chyma of  about  five  layers  is  noticeable  beneath   epidermis. 

If  we  now  examine  the  blades  of  the  two  opposite  leaves  of 
the  seedling,  which  succeed  the  cotyledons,  w^e  observe  a  simi- 
lar structure,  though  with  the  following  exceptions.  They  are 
quite  glabrous  and  epidermis  is  not  thick-walled ;  moreover, 
tlie  collenchyma  is  totally  absent,  besides  that  the  colorless 
tissue  with  the  mucilage-cells  is  much  less  developed.  It 
might,  also,  be  mentioned  that  the  mediane  and  the  two  prom- 
inent, lateral  veins  are  surrounded  by  colorless  parenchyma- 
sheaths,  which  in  the  leaves  of  older  specimens  are  restricted 
to  the  thinner  mestome-strand s. 

The  petiole  shows  the  same  tissues  as  observed  in  the  mature 
leaf,  but  the  collenchyma  is  much  less  developed,  representing 
only  a  single  layer  beneath  epidermis.  Three  wide  mucilage- 
cells  were  observed  in  the  colorless  tissue. 

The  %tein, — The  hypocotyl  of  the  seedling  (H  in  fig.  1)  is 
cylindrical  and  almost  glabrous.  The  cuticle  is  smooth,  but 
quite  thick,  and  the  outer  cell-walls  of  epidermis  are  distinctly 
thickened ;  stomata  and  unicellular  hairs  were  observed. 
There  is  a  narrow  zone  of  cortical  parenchyma  of  which  the 
innermost  strata  are  partly  collapsed  and  in  which  mucilage- 

*  Sur  la  presence  de  r(^8ervoir8  k  gomme  chez  les  Rhamn^es.  (BuU.  de  la 
Boc.  Bot.  d.  France,  vol.  xlv,  Paris,  1888,  p.  325.) 

f  Die  durchBichtigen  Pnnkte  der  Blotter  in  anatomischer  xind  Bystematis- 
cher  Beziehung.  Inaug.  diss.,  Regensburg,  1884,  p.  68. 
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cells  are  located.  A  thin-walled  endodermis  surrounds  the 
central  cylinder  of  leptorae,  cambium  and  hadrorae,  with  nar- 
row medullary  rays  and  a  central,  solid,  starch-bearinp^  pith. 
Inside  the  endodermis  are  furthermore  four  strands  of  thick- 
walled  stereome  bordering  on  the  leptome  and  located  in  the 
same  radius  as  the  innermost  four  groups  of  vessels,  which 
represent  the  proto-hadrome. 

The  same  structure  was  observed  in  the  epicotyl  (Ep.  in  fig.  1), 
with  the  only  exception  that  the  stereome  does  not  occur  here 
as  four  separate  strands,  but  as  several,  which  form  a  more  or 
less  interrupted  sheath  around  the  leptome.  The  other  inter- 
nodes  of  the  seedling  possess  a  collencliymatic  cortex  (the  peri- 
pheral two  or  three  layers),  and  the  endodermis  is  more  dis- 
tinctly differentiated,  and  contains  deposits  of  starch.  The 
stereome  forms  here  an  almost  completely  closed  sheath,  and 
druids  of  calcium -oxalate  were  noticed  in  the  cortex.  These 
various  stem-portions  of  the  seedling  are,  thus,  able  to 
increase  in  thickness,  even  if  the  hypocotyl  and,  sometimes 
also,  the  epicotyl,  are  the  only  parts  that  persist. 

If  we  now  examine  the  basal  portion  of  a  flower-bearing 
shoot,  we  notice  a  corresponding  structure,  but  the  various 
tissues  show  here  a  somewhat  stronger  development.  The 
epidermis  is  more  thick-walled,  and  the  cortex  more  compact, 
with  the  mucilage-cells  wider  and  longer ;  endodermis  is  thin- 
walled  as  in  the  young  specimens,  while  the  stereome  is  very 
thick-walled,  forming  an  almost  closed  sheath  around  the  cen- 
tral cylinder.  The  cambium  is  more  distinct,  and  the  had- 
rome  consists  of  numerous  rows  of  vessels  with  the  medullary 
rays  broader. 

J  he  internal  structure  of  the  vegetaiive  organs  of  Ceanothus 
ovatus, — The  root  shows  the  same  structure  as  that  of  C.  Ameri- 
canus:  In  regard  to  the  mature  leaves,  these  are  almost  glab- 
rous, the  hairs  being  confined  to  the  larger  veins  on  the  dorsal 
face  of  the  blade.  The  stomata,  which  are  surrounded  by  four 
to  six  cells,  are  in  this  species  distributed  over  both  faces  of  the 
blade,  most  numerous,  however,  on  the  dorsal,  and  they  are 
raised  a  little  above  the  surrounding  epidermis.  The  pneu- 
matic tissue  is  more  compact  than  observed  in  the  former 
species  but  otherwise  the  structure  is  identical. 

The  petiole  shows  the  same  structure  as  that  of  C.  Ameri- 
canuSy  and  in  regard  to  the  stem,  the  flower-bearing  shoot,  we 
observed  no  character  of  any  essential  importance,  by  which 
to  distinguish  this  from  the  stem  of  the  former  species. 
When  compared  with  each  other  these  two  species  resemble 
each  other  very  much  from  seedling  to  mature  plant.  But 
characteristic  of  C,  ovatus  is,  however,  the  terminal  inflores- 
cences and  the  narrower  leaves  with  stomata  on  both  faces. 

Brookland,  D.  C,  July,  1906. 


F,  Z.  Tufts — Photometric  Measurements,  531 


Abt.  XLVII. — Photomieiric  Measurements  on  a  Person  Pos- 
sessing Monochromatic  Vision  ;  by  F.  L.  Tdits. 

In  an  article  on  "  Color  Vision  and  the  Flicker  Photome- 
ter,"* the  late  Professor  Ogden  N.  Rood  reported  some  meas- 
urements made  by  means  of  the  flicker  photometer  on  a  num- 
ber of  persons  possessing  normal  color  vision  and  also  on  three 
cases  of  red  color-blindness.  Through  the  kindness  of  Dr.  W. 
S.  Dennett  of  New  York  City,  the  writer  was  enabled,  some 
three  years  ago,  to  extend  these  measurements  to  the  case  of  a 
person  possessing  monochromatic  vision.  Owing  to  the  lim- 
ited amount  of  time  which  the  subject,  referred  to  in  this 
article  as  J.  T.,  could  give  to  the  work,  the  measurements  were 
not  so  complete  as  the  writer  would  have  liked  to  make  them. 
He  has  not  previously  published  the  results  in  hopes  that  cir- 
cumstances might  some  time  enable  him  to  apply  more  exten- 
sive tests.  This  now  seems  very  improbable,  and  the  results 
of  tlie  work  already  done  are  given  in  the  following  pages. 

The  flicker  photometer  used  was  of  the  same  type  as  the  one 
already  described  by  Professor  Rood,t  and  the  colored  glasses 
were  the  same  as  the  three  used  by  him  in  his  work  on  color 
vision.:]: 

The  candle  powers  of  two  incandescent  lamps  referred  to  as 
A  and  B  were  compared  by  means  of  the  flicker  photometer, 
first  directly  and  then  when  each  of  the  three  glasses  respect- 
ivelv  was  placed  between  lamp  A  and  the  photometer  wedffe. 
Eacn  of  these  comparisons  was  made  by  Dr.  Dennett,  J.  x. 
and  the  writer,  from  ten  to  twenty  readings  being  taken  in 
each  case.  The  numbers  expressing  the  relative  candle  powers, 
given  in  the  first  three  rows  of  Table  I,  were  computed  from 


Table  I. 

/ Candle  power  of — 

A  A 

through  through 

A  red  glass    gieen  glass 

in  terms        in  terms        in  terms 
.     Observer  of  B  of  B  of  B 

W.  S.  Dennett 4-00  -520  -385 

F.  L.  Tufts 4-00  -480  -385 

J.  T 4-94  -101  -683 

J.    T.,    using    ordinary 

wedge  photometer 5*00  '11  '72 

♦  This  Journal,  vol.  viii,  p.  258,  Oct.,  1899. 
+  Ibid.,  vol.  viii,  p.  194,  Sept.,  1899. 
i  Ibid.,  p.  258,  Oct.,  1899. 


A  through 

violet- 
blue  glass 
in  terms 
of  B 


•052 
•048 
•236 

•23 


532  jP.  Z.  Tufts —Photometric  Measurements, 

these  readings.  From  the  numbers  thus  obtained  the  percent- 
age of  light  from  the  incandescent  lamp  transmitted  by  each 
of  the  three  glasses  respectively  was  calculated  for  the  differ- 
ent observers.  These  results  are  given  in  the  first  three  rows 
of  the  second  table. 

Table  II. 

Percentage  of  light  from  lamp  A 
truiismittecl  by  — 
Observer  Red  glass       Greeu  glass    Violet-bloe  glass 

W.S.Dennett 13-0  0-G2  J -.'iO 

F.  L.  Tut'tH 12  0  9-(32  1-20 

J.  T ....        2-04  13-8  4-75 

J.    T.,    using    ordinary 

wedge  photometer  ..        2*2  14*4  4'G 

Standard  eye 13-7  962  1-39 

Asa  standard  of  color  vision,  the  one  already  used  by  Pro- 
fessor Rood  was  chosen.  This  he  defined  in  sul)stance  as  fol- 
lows :  The  staaidard  was  the  mean  color  vision  of  eleven  per- 
sons possessing,  according  to  ordinary  tests,  nornud  vision. 
This  standard  was  indicated  by  100  in  the  case  of  red,  green 
and  violet-blue.  One  hundred  was. also  taken  as  the  maximum 
attainable  by  any  person  in  each  case,  as  the  experiments  did 
not  deal  with  the  general  sensitiveness  of  the  eye  to  light,  but 
with  its  relative  sensitiveness  to  light  of  diiferent  colors.  That 
is  to  say,  in  the  case  of  the  color  curve  of  each  person,  the 
highest  ordinate,  whatever  it  may  be,  is  set  equal  to  100,  the 
otiiers  Following  where  the  observations  indicate  on  this 
assumption. 

Both  Dr.  Dennett  and  the  writer  had  had  their  color  vision 
expressed  in  terms  of  this  standard,  and  the  results,  taken  from 
Professor  Rood's  article,*  are  given  in  the  first  two  rows  of 
Table   III.     From  these  figures  the  percentage  of  the  light 


Table  HI. 

Red 

Green 

Violet-blue 

93-8 

100 

91-5 

89-9 

100 

87-8 

4-84 

46-2 

100- 

W.  S.  Dennett 

F.  L.  Tufts 

J.T .. 

from  an  incandescent  lamp  which  the  standard  eye  would  see 
transmitted  by  the  three  glasses  respectively,  was  computed 
both  from  Dr.  Dennett's  readings  and  from  the  readings  of  the 
writer.     The  averages  are  given  in  the  last  row  of  Table  II. 

*  This  Journal,  vol.  viii,  p.  258,  Oct.,  1899. 
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A  coraparison  of  the  figures  in  tlie  last  row  of  Table  II  with 
those  in  the  third  row  sliows  at  once  that  the  color  curve  for 
J.  T.  has  the  highest  ordinate  in  the  violet-bliie.  Designating 
this  by  100,  the  ordinates  in  the  red  and  green  were  computed 
and  are  given  in  the  third  row  of  Table  III. 

Measurements  of  the  relative  intensities  of  the  white  and 
colored  lights  were  also  made  by  J.  T.,  using  an  ordinary 
wedge  photometer  in  place  of  the  flicker  photometer.  It  was 
found  that  he  could  compare  lights  of  diflferent  colors  with  the 
ordinary  ))hotometer  with  the  same  ease  that  the  normal  eye 
could  make  the  comparison  by  the  flicker  photometer.  The 
last  row  in  Table  I  contains  the  results  obtained  bv  J.  T.  with 

ft  ___ 

the  ordinary  wedge  photometer.  The  fourth  row  of  Table  II 
gives  the  percentages  of  the  transmitted  light  calculated  from 
these  readings.  Considerhig  the  small  amount  of  practice  the 
subject  had  had  in  photometric  measurements,  the  agreement 
between  these  results  and  those  lie  obtained  with  the  flicker 
photometer  is  certainly  very  good. 

Some  measurements  were  also  made  on  the  extent  of  the 
visible  spectrum  and  the  position  of  maximnm  luminosity. 
The  spectrum  of  an  incandescent  lamp  seemed  to  J.  T.  to  ex- 
tend from  6350,  Angstrom  units,  in  the  red,  to  4000  in  the 
violet,  while  to  the  writer  the  same  spectrum  seemed  to  extend 
fron)  7700  to  3800.  For  J.  T.  the  ])osition  of  maxinmm  lumi- 
nosity seemed  to  be  at  wave  length  5250,  while  for  the  writer 
it  w^as  at  5^500. 

Phcenix  Physical  Laboratory,  Columbia  University,  Oct.,  1906. 
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Art.  XL VIII. — On  Eodevonariaj  a  new  Suh Genus  of  Cho- 

netea;  by  C.  L.  Bbeger. 

Among  the  Stropliomenoid  Brachiopoda,  the  presence  of  a 
crenulated  or  denticulated  hinge  line  has  always  been  consid- 
ered as  of  at  least  generic  importance.  It  was  upon  this  con- 
sideration that  the  genus  Stropeodonta  was  founded  by  Hall ; 
and  it  is  chiefly  or  very  largely  the  presence  of  a  denticulated 
hinge  line  wliich  sharply  demarcates  as  a  special  group  apart 
from  the  normal  Strophomena's  the  genera  Strophi^odonia^ 
Doumllina^  LeptoHtrophia^  Brachyprion  and  Strophonella* 

In  the  well-known  Paleozoic  genus  Chonetes^  the  great  mass 
of  the  species  have  a  normal,  non-creimlated  hinge  line  ;  but, 
as  is  the  case  with  the  Strophomenoids,  there  occur  a  few 
closely  associated  and  quite  peculiar  species  in  which  the  den- 
ticulated hinge  line  is  a  very  prominent  and  characteristic 
peculiarity.  It  has  been  found  than  such  a  denticulated  hinge 
line  occurs  in  six  species  of  Chonetes.  All  six  species  are  so 
closely  allied  as  to  be  distinguishable  only  with  some  little 
difficulty ;  and  all  six  species  occur  at  very  nearlv  the  same 
geologic  horizon  in  the  Lower  Devonian,  though  scattered 
through  Europe,  South  Africa,  South  America,  and  North 
America.  These  facts  justify  setting  this  group  apart  from 
the  normal  and  typical  species  of  Chonetes^  and  the  name 
Eodevonama  is  hereby  proposed  for  this  group.  The  name  is 
suggested  by  the  restriction  of  all  the  known  species  (as  well 
as  a  few  more  which  it  is  believed  may  possibly  belong  here) 
to  the  Eo-Devonian.     The  known  species  are 

1.  Chonetes  arctiatus  Hall 

2.  C.  dilatiitiis  F.  Hoemer's  sp. 

3.  C.  vtelonicus  Billings 

4.  C  acutiradiatus  Hall 

5.  C,  extensus  Kayser 

6.  C  arcei  A.  Ulrich 

1.  Chonetes  (Eode\)onaria)  arcuatus,  —  The  crenulated 
hinge  line  in  this  type  was  noted  by  Hallf  in  his  description 
and  illustrations  of  the  species.  Weller  also  noted  the  same 
features  in  New  Jersey  specimens  of  this  species.;}:  Ch4}netes 
( Eodevonaria)   arcuatus  occurs   in   the   Upper   Helderberg 

*  For  descriptions  of  these  genera,  see  Paleontology  New  York,  vol.  viii, 
Pt.  I. 

f  HaU,  The  Fossil  Br«ichiopoda  of  the  Upper  Helderberg,  Hamilton,  Port- 
age and  Chemnng  group.  Paleontology  of  New  York,  vol.  iv,  p.  Il9,  PI. 
XX,  see  figs.  7e,  7f,   1867. 

X  VVeller,  The  Paleozoic  Faunas  of  New  Jersey.  Paleontology  of  New 
Jersey,  vol.  iii,  pp.  367,  373,  PI.  LI,  fig.  21,  1903. 
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group  of  Ohio,  Indiana,  New  Jersey,  New  York  and  Maine. 
Sonae  specimens  in  the  U.  S.  Geological  Survey  collections 
from  Little  Brasna  Lake,  Somerest  County,  Maine,  represent 
the  same  type  of  the  species  as  occurs  in  New  Jersey,  and 
show  very  prominently  the  crenulated  hinge  line. 

2.  Chonetes  (Eodevonaria)  dilatatii^' — This  characteristic 
Lower  Devonian  fossil  of  the  Continent  occurs  throughout 
the  middle  and  upper  Eo-Devonian,  and  a  few  specimens  con- 
tinue into  the  Middle  Devonian.  Its  greatest  development  is 
reached  in  the  Upper  Coblentzian,  and  horizon  near  the  top 
of  the  American  Upper  Ilelderberg  (corn if erous)  group.  The 
species  has  for  a  long  time  been  known  to  have  a  crenulated 
hinge  line.  This  feature  was  illustrated  by  Schnur,*  and  by 
Kayser,f  and  I  believe  also  by  the  Saudbergers  in  their  classic 
work  on  the  fossils  of  the  Rhenish  series  in  Nassau  (this  vol- 
ume is  not  just  now  at  hand ;  hence  it  is  impossible  to  give 
the  exact  reference  to  the  plate  and  figure). 

3.  Chonetes  (Eodevonaria)  melonicus. — The  presence  of 
crenulations  on  the  hinge  line  of  this  species  was  noted,  and 
emphasized  by  Billings.  Chonetes  melonicus  was  described:]: 
from  Little  Gaspe,  Quebec,  Canada,  in  beds  correlated  with 
the  Oriskany,  but  which  may  prove  to  be  a  trifle  higher  than 
the  New  York  Oriskany.  The  species  is  certain^  Lower 
Devonian. 

4.  Chonetes  {Eodevonaria)  acntiradiata, — This  species  was 
for  a  long  time  believed  to  have  a  smooth,  non-crenulated 
hinge.  Indeed,  Billings  differentiated  his  C.  melonicus  from 
this  species  by  the  crenulated  hinge  line  of  his  Canadian  form 
while  in  C  acutiradiata  the  hinge  was  presumed  to  be  non- 
crenulated.  In  the  Cornell  University  collections  there  occur 
several  typical  specimens  of  C  acutiradiata  from  the  Cornif- 
erous  limestone  near  Williamsville,  Erie  County,  N.  Y.,  all  of 
which  show  plainly  the  crenulated  hinge  line. 

5.  Chonetes  {Eodevonaria)  extensus  Kayser. — This  large 
very  broad  Chonetes  was  described  by  Kayser§  from  Katze- 
nelnbogen  in  the  Rhenish  middle  Lower  Devonian  (Lower 
Coblentzian).  The  denticulated  hinge  line  is  quite  plainly 
apparent  in  both  his  figures. 

6.  Chonetes  {Eodevonaria>\  arcei  Ulricli. — This  species 
occurs  at  very  nearly  exactly  the  same  geological  horizon  of  the 

*Schniir,  In  Uberjjanj^sgehirge  dpr  Eiffel  vorkonimende  Brachiopoden. 
Palaeontographica.  vol.  iii.  PI.  XUII,  figs,  la,  le,   iHoS. 

t  Kayser,  Die  Fauna  des  Hanptquartzits  und  der  Zorger  Scliiefer  des 
Unterharzes.  Abhandl.  d.  Kgl.  PreuftsiHchen  geologischen  Landesunstalt, 
Neue  Folge,  Heft  I,  PI.  XII,  fig.  ^,  1889. 

i  Billings,  Paleozoic  Fossils,  vol.  ii,  Part  I.  p.  15,  fig.  6,  1874. 

§  Kayser,  Fauna  des  Hanptquartzits,  1,   c,  pp.  64,  PI.  XXII.  figs.  5,  6. 
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Lower  Devonian  in  Bolivia,*  in  Ar^entina,t  and  in  South 
Africa:}:  in  a  fauna  which  is  certainly  tliat  of  some  part  of  the 
Coblentzian  and  only  very  slightly  if  at  all  higher  than  the 
Gasp6  fauna  with  Chonetes  nielonicus.  The  crenulated  hinge 
line  has  been  figured  by  Thomas. 

All  these  species  are  medium  to  large-sized  Chonetes^  with 
gibbous  to  very  gibbous  pedicle  valve  and  a  concave  brachial 
valve;  with  a  large  number  of  medium  fine  radial  striae  ;  and 
w'ith  the  usual  hollow  spines  along  the  posterior  margin ; — 
all  features  of  normal  Chonetes,  As  in  normal  Chmiet^s, 
there  is  a  wide  cardinal  area,  quite  prominent  in  the  pedicle 
valve,  less  so  in  the  brachial.  The  delthyrium  is  covered  with 
a  i)seudodeltidium.  Very  narrow  and  short  diverging  lamellae 
support  the  teeth.  The  diductor  muscles  in  the  pedicle 
valve  of  0,{Eodevoiiaria)  arcuata  leave  two  broadly  diverging 
isolated  oval  scars,  while  between  them  in  the  center  may  be 
seen  the  subcircular  or  elongate-oval  scar  left  by  the  large 
adductor  muscles.  The  latter  scar  is  divided  in  two  by  a 
median  sej>tum.  The  median  septum  is  present  in  the  pedicle 
valve  in  all  the  species  of  Eodevonaria^  as  in  all  the  Chonetes. 

The  precise  nature  of  the  denticulaticms  on  the  hinge  line 
in  EodevonarUi  cannot  be  stated  just  now.  Whether  these 
denticulations  alternated  with  each  other  in  the  two  valves 
to  assist  in  articulation  as  in  the  Stropheodont^'s  ;  whether  the 
denticulations  represent  the  bases  of  vertical  tubes  as  in 
Anoplia'j  whether  they  are  points  of  insertion  or  of  division  of 
a  ligament  or  other  membrane  which  probably  covered 
the  cardinal  area  in  the  brachiopods  (compare  the  divided  liga- 
ment in  Perna^  GervUlla^  Inoceramus,  and  the  other  genera 
of  Pernidae  among  the  lamellibranchs) ;  or  whether  they 
served  some  other  purpose,  will  be  known  when  better  material 
tlian  is  now  at  hand  becomes  available. 

*  A  Ulricli,  Palaeozoisclie  Versteinerunj^eii  aus  BoUvien.  Nenes  Jabrb. 
f.  Mineralogie,  etc.,  Beilageband  VIII,  p.  77,  PI.  IV,  figs.  35,  86,  1892. 

f  1.  Thomas,  Neue  Beitrftge  zur  Kenntnis  der  devoniscben  Fanna 
Argentiiiiens.    Ztsohr.  d.  Geol.  Ges.,  vol.  Ivii,  p.  258,  PI.  XIII,  fig.  26,  1905. 

%¥.  Reed,  Brachiopoda  of  the  Bokkeveld  Series.  Annals  of  the  Sontb 
African  Museum,  vol.  iv,  Part  III,  p.  178.  PI.  XXI,  fig.  3,  1904.  The  South 
African  specimens  may  not  belong  to  Ulricb's  species,  nor  possibly  to  the 
present  subgenus. 
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Abt.  XLIX. — Note  on  th^  Production  of  Radium  hy  Acti- 

7iium  :  bv  Bertram  B.  Boltwood. 

[Contributions  from  the  Sloane  Physical  Laborator}'  of   Yale  University.] 

The  attempts  on  the  i)art  of  f^everal  different  investigators 
to  experinjentally  demonstrate  the  i2:ro\vth  of  radium  in  ura- 
nium solutions,  while  they  have  given  somewhat  widely  differ- 
ing results,  have  nevertheless  served  to  demonstrate  eonelu- 
sively  that  the  quantity  of  radium  formed  in  a  given  time  from 
a  known  weight  of  uranium  is  very  much  smaller  than  would 
be  expected  from  the  disintegration  theory  if  radium  is  a  direct 
product  of  uranium.  Thus  Soddy''^  has  stated  that  the  amount 
of  radium  formed  in  a  commercial  salt  of  uranium  during  a 
period  of  eighteen  months  was  only  one  five-hundredth  of  the 
amount  to  be  expected  from  the  theory,  while  the  writer+  lias 
shown  that  in  a  ])uritied  salt  of  uranium  the  amount  of  radium 
formed  in  390  days  can  not  be  over  one  sixteeurhundredth  of 
the  amount  which  the  theory  would  require. 

The  constancy  of  the  ratio  between  the  quantities  of  uranium 
and  radium  which  are  found  in  the  natural  minerals  is,  how- 
ever, a  convincing  proof  ot  the  close  relationship  of  these  ele- 
ments to  one  another.  On  the  basis  of  the  assumption  that 
radium  is  a  disintegration  product  of  uranium,  it  is  necessary 
to  show  that  some  intermediate  product  of  a  relatively  slow 
rate  of  change  exists  between  them.  In  the  search  for  such  an 
intermediate  product  the  su])position  that  actinium  was  this 
product  has  been  gradually  strengthened.  A  considerable 
mass  of  experimental  data  which  has  been  collected  all  points 
to  the  conchision  that  the  quantity  of  actinium  in  a  uiineral  is 
directly  proportional  to  the  amount  of  uranium  present  and 
that,  accorclingly,  actinium  is  a  product  of  uranium.  The 
following  ex|)eriment  was,  therefore,  undertaken  to  demon- 
strate the  position  of  actinium  with  respect  to  radium. 

A  kilogram  of  carnotite  ore  containing  about  twenty  per 
cent  of  uranium  was  treated  with  an  excess  of  dilute  hydro- 
chloric acid  and  the  insoluble  portion  was  separated  from  the 
solution.  The  sulj)hides  i)recipitated  by  hydrogen  sulj>hide 
were  then  remove:l.  To  the  solution  thus  obtained  was  added 
about  one-half  tjram  of  thorium  nitrate  followed  bv  a  solution 
of  several  grams  of  oxalic  acid.  The  slight  precipitate  which 
formed  after  the  mixture  had  stood  for  several  davs  was  com- 
pletely  removed,  the  oxalates  were  converted  into  nitrates,  and 
the  nitrates  in  dilute  solution  were  again  submitted  to  the  pre- 

♦  Nature,  Ixxi,  294,  1904  ;  Phil.  Mag.  (6),  ix,  768,  1905. 
t  This  Jouraal,  xx,  2:59,  190r>. 
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cipitation  with  oxalic  acid.  I  have  found  from  a  number  of 
otlier  experiments  that  practically  all  of  the  actinium  contained 
in  a  mineral  can  be  separated  in  this  manner. 

The  oxalates  obtained  from  the  second  precipitation  were 
converted  into  chlorides,  and  the  dilute  solution  of  the  chlor- 
ides was  sealed  up  in  a  glass  bulb.  About  two  months  later, 
on  the  twenty-fifth  of  April  last,  the  gases  and  emanation  col- 
lected in  the  bulb  were  boiled  out  and,  after  standing  for  some 
time,  were  introduced  into  a  standardized  electroscope.  The 
quantity  of  radium  emanation  present  corresponded  to  the 
presence  of  5*7x10""  gram  of  radium  in  the  actinium  solu- 
tion. The  bulb  was  again  sealed  and  allowed  to  stand  undis- 
turbed until  November  4th,  when  the  emanations  and  gases 
were  again  boiled  out  and  tested.  The  amount  of  radium 
emanation  then  found  corresponded  to  14*2  XlO~*  gram  of 
mdium,  indicatin<j  that  during  the  interval  of  193  days  there 
had  been  formed  in  the  solution  a  quantity  of  radium  equal  to 
8*5X10-"  gram.  This  is  equivalent  to  the  production  of 
about  I'Ox  10~*  gram  of  radium  in  one  year.  The  amount  of 
radium  in  equilibrium  with  200  grams  of  uranium  (the  approx- 
imate amount  of  uranium  in  the  mineral  used)  is  7'6Xl0'* 
gram.*  Assuming  that  the  total  amount  of  actinium  present 
in  the  mineral  was  separated  by  tlie  treatment  described,  the 
value  of  X  for  radium  can  be  calculated  from  the  above  num- 
bers and  is  given  as  2'lXlO'\year)~'.  The  period  required 
for  the  decay  of  the  activity  of  radium  to  one-half  its  initial 
value  is  thus  indicated  as  about  3300  vears,  and  this  is  of  the 
same  order  of  magnitude  as  the  most  recent  estimate  made  by 
Rutherford. t 

Strong  evidence  has  therefore  been  obtained  in  support  of 
the  assumption  that  actinium  is  the  intermediate  disintegra- 
tion product  between  uranium  and  radium. 

The  entire  series  of  operations  from  the  start  will  be  repeated 
with  special  precautions  in  order  that  a  more  accurate  value 
for  the  various  constants  can  be  obtained. 

New  Haven,  Conn.,  Nov.  5,  1906. 

*  Rutherford  and  Bolt  wood,  this  Journal,  xxii,  1,  1006. 
t2600  years,  Phil.  Mag.  (6),  xii,  367,  1906. 
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SCIENTIFIC    INTELLIGENCE. 

I.    Chemistry  and  Physics. 

1.-  The  Quantitative  Separation  of  Beryllium  and  Aluminium, 
— It  ia  well  understood  that  the  methods  in  use  for  making  the 
separation  under  consideration  are  somewhat  inconvenient  or 
unsatisfactory,  so  that  a  more  simple  method,  and  one  which 
appears  to  give  very  accurate  results,  is  worthy  of  attention.  B. 
Glassmann  carries  out  the  analysis  as  follows :  The  hydrochloric 
or  sulphuric  acid  solution  of  the  metals  is  nearly  neutralized  with 
sodium  carbonate,  an  excess  of  sodium  thiosulphate  solution  is 
added,  and  the  liquid  is  boiled  until  the  odor  of  sulphur  dioxide 
has  disappeared.  Then  the  liquid  is  heated  on  the  water  bath 
for  half  an  hour.  The  precipitate,  consisting  of  aluminium 
hydroxide  mixed  with  sulphur,  is  washed  and  ignited.  After  the 
excess  of  thiosulphate  in  the  filtrate  has  been  decomposed  with 
hydrochloric  acid,  the  beryllium  is  precipitated  as  hydroxide, 
either  with  ammonia,  or,  as  the  author  prefers,  with  a  mixture  of 
potassium  iodide  and  iodate.  In  order  to  use  the  latter  method 
sodium  hydroxide  solution  is  added  to  the  liquid  until  a  precipi- 
tate begins  to  form,  and  then  the  precipitate  is  dissolved  in  a  few 
drops  of  dilute  acid.  Then  an  excess  of  a  mixture  of  equal  vol- 
umes of  about  25  per  cent  potassium  iodide  solution  and  satu- 
rated potassium  iodate  solution  is  added.  After  about  five 
minutes  the  separated  iodine  is  decolorized  by  the  addition  of 
exactly  the  proper  amount  of  20  per  cent  sodium  thiosulphate 
solution,  and  then  a  small  amount  of  the  iodide  and  iodate  mix- 
ture is  added  in  order  to  make  sure,  by  the  fact  that  it  does  not 
produce  an  instantaneous  separation  of  iodine,  that  enough  has 
been  added.  Then  a  few  drops  of  sodium  thiosulphate  are 
added,  and  the  liquid  is  heated  on  the  water  bath  for  half  an 
hour.  The  precipitate  is  easily  filtered,  on  which  account  the 
method  is  recommended,  and  also  because  the  liquid,  being  abso- 
lutely neutral,  does  not  act  as  much  upon  glass  as  do  alkaline 
solutions. — Berichte,  xxxix,  3366,  3368.  h.  l.  w. 

2.  The  Temperature  at  which  Water  Freezes  iii  Sealed  Tubes. 
— MiERS  and  Isaac  have  shown  that  in  cooling  a  supersaturated 
solution  in  which  a  few  crystals  are  growing  while  it  is  being 
stirred,  the  refractive  index  rises  until  at  a  certain  terhperature  it 
attains  a  maximum  value  and  then  suddenly  falls  ;  at  this  moment 
also  profuse  crystallization  lakes  place.  They  concluded  that  iliis 
is  the  temperature  of  spontaneous  crystallization.  These  investi- 
gators have  now  made  numerous  experiments  with  water  con- 
tained in  sealed  tubes  which  were  violently  and  continuously 
shaken  by  hand,  while  beinv?  very  slowly  cooled  in  a  bath  of 
brine,  until   rapid   crystallization   of    ice   took   place.      Various 


540  Scientiji<:  Intelligence. 

samples  of  water  were  used,  and  different  kinds  of  glass  were 
employed  for  the  sealed  tubes.  All  the  tubes  froze  between 
—  2°  C.  and  —  1  '6°  C.  ;  the  mean  of  the  experiments  being  —  1  '86** 
C,  and  that  for  the  purest  water  with  a  conductivity  of  IM  x  10~* 
being  — 1*9°  C.  The  authors  conclude  that  — 1*9°  is  the  tem- 
perature at  which  under  atmospheric  pressure  water  freezes 
spontaneously,  i.  e.,  in  the  absence  of  particles  of  ice,  and  they 
call  attention  to  the  remarkable  fact  that  this  is  the  temperature 
at  which  super-cooled  water  possesses  a  maximum  refractive 
index  according  to  the  observations  of  Pulfrich.  The  effect  of 
friction  was  also  stu<lied  by  introducing  glass,  garnet,  galena,  or 
lead  into  the  tubes;  this  caused  the  water  to  freeze  at  —0*4  C. — 
Chem.  JVeics,  xciv,  89.  ii.  l.  \v. 

8.  IW/jardtion  of  Fused  Mohjhdejium. — Molten  molybdenum 
was  first  prej)ared  by  Moissan  by  the  use  of  the  electric  furnace. 
It  has  been  made  also  bv  several  experimenters  bv  the  "thermite" 
process,  consistinj^  in  allowing  the  trioxide  to  react  with  finely 
divided  metallic  aluminiiim.  The  volatility  of  molvbdenum  tri- 
oxide,  however,  made  this  process  unsatisfactory.  15iltz  and 
(taktner  have  niodifnHl  the  **  thermite"  process  by  using  the 
non-volatile  dioxide  in  place  of  the  trioxide.  To  prepare  the 
dioxide  the  trioxide  is  heated  to  moderate  redness  in  a  glass  tube 
in  a  current  of  hydrogen  gas.  The  **  thermite"  process  then 
works  well,  the  authors  having  obtained  a  yield  of  93  ])er  cent  of 
the  theoretical,  and  a  product  which  contained  over  98  per  cent 
of  tiie  metal. — Jhr'ichte^  xxxix,  3370.  H.  L.  w. 

4.  Potaasufm-Uad  Chlorides — ]>y  fusing  mixtures  of  the  two 
chlorides  in  varying  proportions,  determining  the  temperatures  at 
which  cr^'stals  were  deposited  by  cooling,  and  investigating  the 
products  thus  obtained,  Lokknz  and  Ulckstuhl  have  found  that 
three  double  salts  are  produced  from  the  fused  mass.  Thev  are 
represented  by  the  formulae  iPbCL.KCI,  PbC1.^.2KCl,  and  PbCl,. 
4KC1.  It  is  interesting  to  notice  that  these  three  types  of  double 
lead  sails — in  one  case  only  with  water  of  crystallization— are 
known  amonti  the  double  halides  of  the  alkali  metals  and  lea<l 
which  crystallize  from  acpieous  solutions,  and  that  still  another 
type  corresponding  to  the  1  :  1  ratio,  for  example,  CsCl.PbCL,  is 
also  known. — Ztitsrhr.  anottfan.  Chem.^  li,  71.  h.  l.  w. 

5.  Ammonia  frotn  the  Recent  Eruption  of  Y^esHvAnK — Stok- 
LASA  has  exauiined  volcanic  exhalations  and  many  eruptive 
products  of  eruption  of  April,  19u6,  and  has  found  ammonia 
always  ]>resent  in  them,  lie  draws  the  conclusion  that  the 
ammonia  has  its  origin  in  the  chemical  actions  which  take  place 
in  the  hot  lava,  possibly  from  the  presence  of  silicon  nitride  or 
other  nitrides.  He  considers  the  view  of  the  mineralogists,  that 
the  sublimations  of  ammonia  are  caused  by  the  combustion  of 
vegetation,  to  be  entirely  incorrect. — BerichtCy  xxxix,  3530. 

H.  L.  W. 

C.  Jieitraege  zur  Chemischen  Physiologie  und  Pathologies 
herausgejieben  von  F.  Hofmkister.  VIII  Band.  1906,  Braun- 
schweig (Kr.  Vieweg  und  Sohn). — This  volume  is  quite  equal  to 
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its  predecessors  in  the  diversity  of  topics  which  it  presents.  It 
is  impossible  to  make  special  mention  of  more  than  a  few  of  the 
papers.  Particularly  noteworthy  are  the  valuable  studies  of 
Embden  and  his  collaborators  on  the  formation  of  acetone  in  the 
liver,  indicating  a  large  number  of  substances  as  possible  pre- 
cursors of  this  compound.  Friedmann's  renewed  investigation  of 
the  structure  of  adrenalin  leads  to  a  choice  of  the  formula 

on  A  CH(OH)CH,NHCH, 

for  this  peculiar  physiological  compound,  the  formation  of  which 
Halle,  in  a  8e])arate  paper,  refers  to  an  enzymatic  reaction  of  the 
suprarenal  tissue  upon  tyrosin.  Among  a  series  of  contributions 
from  the  laboratory  of  Dr.  von  Fttrth,  reference  may  be  made  to 
his  studv  of  chitosan  derivatives.  It  indicates  that  the  "chitin  " 
of  molluscs  and  arthropods  furnishes  the  same  products.     Two 

f)aper8  offer  items  of  interest  regarding  nitrogenous  metabo- 
ism :  one  by  H.  Vogt  deals  with  the  time  relations  in  the  cata- 
bolism  of  proteids  of  various  groups ;  the  other,  by  Klercker, 
gives  evidence  that  creatine  and  creatinine  may  experience  quite 
different  fates  in  the  chemical  reactions  to  which  they  become 
subject  in  nutrition.  The  volume  also  contains  the  usual  number 
of  papers  on  enzymes :  rennin,  diastase,  gastric  lipase,  and  the 
blood  enzymes  furnishing  the  themes  for  investigation,    l.  b.  m. 

7.  Change  of  Colloidal  Nacleation  i7i  wet  dust-free  Air  in  the 
lapse  of  time  ;  by  C.  Barus  (Communicated). — Observations 
extending  over  several  months  have  now  shown  that  the  variation 
of  the  colloidal  nucleation  of  dust  free  wet  air  in  the  lapse  of 
time  is  indc?pendent  (within  the  limits  of  accuracy  of  the  fog 
chamber)  of  the  barometric  pressure  and  temperature  of  the 
atmosphere,  of  the  ionization  of  the  air  or  of  the  allied  effect  of 
natural  external  radiations ;  but  that  it  varies  to  the  remarkable 
extent  of  an  increase  of  about  8000  nuclei  per  rise  of  temperature 
of  one  degree  centigrade  near  20  degrees.  The  reason  for  this 
unexpected  result  is  yet  to  be  found,  but  nothing  has  been  sug- 
gested to  explain  it  away. 

Brown  University,  Providence,  R.  1. 

8. .  Leitfaden  der  j^raktischen  Optik ;  von  Dr.  Alexander 
Gleichen.  Pp.  viii  +  221;  158iigures.  Leipzig,  1906  (S.  llirzel). — 
This  is  an  account  of  the  more  elementary  parts  of  the  theory  of 
optical  instruments,  and  is  intended  for  the  users  of  such  instru- 
ments rather  than  for  the  oj)tician  or  for  the  reader  who  is 
interested  in  the  more  complex  details  of  geometrical  optics.  It 
is  written  in  a  clear  and  simple  manner  and  no  mathematics  is 
used  beyond  the  elements  of  geometry  and  algebra.  Especial 
attention  is  given  to  the  optics  of  the  eye  and  of  photographic 
apparatus,  and  the  book  will  doubtless  prove  especially  useful  to 
oculists  and  photographers.  u.  a.  b. 

Am.  Jodr.  Sci. — Fourth  Series,  Vol.  XXII,  No.  132. — Decehb^b,  1906. 
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II.     Geology. 

1.  New  Zealand  Geological  Survey, — The  first  New  Zealand 
Geolo^cal  Survey  was  inaagarated  in  1867  and  np  to  1905  had 
published  a  number  of  Bulletins  dealing  largely  with  economic 
problems.  In  February,  1905,  Dr.  James  Mackintosh  Bell 
was  made  director,  the  Survey  was  reorganized,  and  the  follow- 
ing staff  appointed  :  Mr.  Alexander  McKay,  Geologist  and  Pale- 
ontologist; Mr.  Percy  Gates  Morgan,  General  Geologist;  Mr. 
Colin  Fraser,  3Iining  Geologist;  Mr.  £rnest  John  Webb,  Assist- 
ant Geologist ;  Mr.  Edward  Clarke,  Assistant  Geologist  ;  Mr. 
Reginald  Palmer  Greville,  Topographer  ;  Mr.  Robert  James 
Crawford,  Draughtsman  ;  Mr.  John  Thompson,  Secretary. 

A  scheme  has  been  outlined  for  the  preparation  of  a  detailed 
topographical  and  geological  map  of  New  Zealand,  together  with 
reports  on  ten  chief  districts. 

Bulletin  No.  1  (New  Series)  is  entitled  "The  Geology  of  the 
Hokitika  Sheet,  North  Westland  Quadrangle"  ;  by  James  Mack- 
intosh Bell  and  Colin  Frazer.  101  pp.,  13  maps,  42  plates. 
Ten  formations  are  described  in  the  present  bulletin,  ranging  in 
age  from  "  Early  3Iesozoic  (?)  and  earlier  "  to  Pleistocene  and 
Recent.  The  Arahura  series  consists  of  a  group  of  schists,  grau- 
wackes,  argil lites,  and  arkoses,  parts  of  which  have  been  assigned 
to  different  ages  from  Archean  to  Carboniferous  by  various 
authors.  The  Kanieri  series  consists  largely  of  conglomerate 
and  argillite.  Both  the  Arahura  and  the  Kanieri  series  are  inter- 
sected by  auriferous  quartz  reefs.  The  Tuhua  formation  con- 
sists of  an  extensive  group  of  granites  and  syenites  forming 
mountain  bosses.  The  Pounamu  formation  is  of  particular  petro- 
graphic  interest.  Static  metamorphism  and  the  alteration  of 
sediments  by  the  intrusion  of  the  basic  Pounamu  rocks  have  pro- 
duced such  a  variety  of  minerals  as  to  give  the  formation  the 
name  of  "mineral  belt."  The  parent  intrusive  was  dunite  or 
olivinite,  and  the  secondary  rocks  include  many  varieties  of  ser- 
pentine, talc,  steatite,  nephrite,  tremolite-serpentine,  muscovite- 
serpentine,  etc.  It  is  from  this  formation  that  the  masses  of 
nephrite  are  derived  which  appear  in  the  glacial  deposits  as  the 
famous  "  greenstone  "  bowlders. 

The  Koiterangi  series  is  the  remnant  of  former  widespread 
sedimentary  deposits  which  contain  seams  of  coal.  Dikes  of 
camptonite,  hornblende  and  pyroxene  porphyrite,  diabase,  augite 
diorite,  olivine  basalt,  cut  all  the  bed-rock  formations.  Glacial 
debris  is  widely  distributed  over  Westland,  and  is  of  great  thick- 
ness. It  is  uncertain  whether  the  period  of  maximum  advance  of 
the  ice  sheet  was  in  Upper  Pliocene  or  early  Pleistocene  time. 
"  One  thing  is  certain,  and  that  is  that  the  glaciation  started  in 
Miocene  time  and  is  still  continuing." 

The  chief  physiographic  features  are  the  Alpine  Chain,  re- 
cently uplifted    but   **  submaturely  dissected,"   the    Wainihinihi 
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peneplain  at  an  elevation  of  4000  to  5000  feet  and  the  Coastal 
Plain  inaugurated  by  the  Post  Miocene  Uplift.  The  river  valleys 
are  broad  and  U-shaped,  and  terminate  in  cirques.  Many  lakes 
occur,  which  for  the  most  part  occupy  ancient  valleys  blocked  by 
debris — as  is  indicated  by  soundings.  Hot  springs  occur  along 
fault  lines. 

The  illustrations  are  excellent,  especially  the  microphotographs 
of  metamorphic  rocks  by  Mr.  McKay.  It  is  to  be  hoped  that  an 
appropriation  may  be  obtained  to  make  a  more  detailed  topo- 
graphic map.  n.  e.  g. 

2.  Illinois  State  Geological  Survey^  H.  Foster  Baln,  Director. 
Gov.  C.  S.  Deneen,  Profs.  T.  C.  Chamberlin  and  E.  J.  James,  Com- 
missioners. Bulletin  No.  1,  the  Geological  Map  of  Illinois  ;  by 
Stuart  Wkller.  Pp.  26,  with  map.  Urbana,  1906.  Bulletin 
No.  2.  The  Petroleum  Industry  of  Southeastern  Illinois;  by 
W.  S.  Blatchley.  Pp.  109,  6  plates,  3  figures. — A  new  and 
carefully  prepared  geologic*al  map  is  a  fitting  subject  for  the 
first  bulletin  of  the  Illinois  State  Survev.  Thirty  years  have 
elapsed  since  the  map  prepared  by  A.  H.  Worthen  was  distributed 
with  Volume  IV  of  the  State  Geological  Report.  This  early 
map  ha^  been  used  by  Dr.  Weller  as  a  base  and  the  additional 
material  available  from  the  more  recent  work  of  various  geolo- 
gists has  now  enabled  him  to  present  a  map  which,  while  neces- 
sarily open  to  further  change  and  emendation,  is  a  notable 
advance  upon  what  has  been  available  before.  The  map  as 
issued  measures  30X16  inches,  in  other  words  has  been  prepared 
on  a  liberal  scale ;  it  is  also  well  executed  and  colored.  Columnar 
sections  are  added  for  Northern,  Central  and  Southern  Illinois. 
The  value  of  the  map  for  economic  purposes  is  much  increased 
by  the  careful  presentation  of  the  exact  location  of  coal  mines. 

The  second  Bulletin  contains  an  account  of  the  petroleum 
resources  of  the  state.  Until  very  recently  the  state  had  yielded 
very  little  either  of  oil  or  natural  gas,  although  the  search  for 
them  began  as  early  as  1853.  In  1905  and  the  early  part  of  1906, 
however,  extensive  investigations  were  carried  on  and  with  highly 
encouraging  results,  especially  in  the  southeastern  [)art  of  the 
state.  In  May,  1906,  active  production  of  crude  oil  and  gas  was 
going  on  over  an  area  about  40  by  12  miles  in  extent  between 
Westtield,  Clark  County,  and  Oblong,  Crawford  County.  The 
oil  wells  all  lie  near — and  mostly  to  the  east  of — the  long  line  of 
deformation  which  extends  across  the  state  in  a  south-southeast- 
erly direction  from  Stephenson  to  Lawrence  County.  The  total 
production  of  crude  oil  from  the  Casey  Field,  in  Clark  County, 
for  the  eleven  months  ending  with  April,  1906,  aggregated 
400,000  barrels. 

3.  Geological  Survey  of  Ohio,  Edward  Orton,  Jr.,  State 
Geologist.  Fourth  series.  Bulletin  No.  4,  pp.  361,  map  and  53 
figures.  Bulletin  No.  5,  pp.  79,  2  plates,  8  figures. — These 
recently  issued  bulletins  are  devoted.  No.  4  to  the  Limestone 
Resources  and  the  Lime  Industry  of  the  State  of  Ohio,  by  E. 
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Orton,  Jr.  and  S.  V.  Peppel  ;  No.  5  to  the  Manufacture  of  arti- 
ficial Sandstone  and  Sand-lime  Brick,  by  S.  Y.  Peppel.  The  rocks 
of  Ohio  consist  so  largely  of  limestone,  that  it  is  not  a  matter  of 
surprise  to  have  it  stated  that  these  strata  furnish  the  material 
which  makes  up  ahnost  a  third  of  the  present  mineral  resources 
of  Ohio.  The  stratigraphical  relations  of  the  limestone  have 
been  discussed  in  detail  in  earlier  publications,  and  the  present 
one  is  devoted  largely  to  a  statement  of  the  composition  of  the 
rock  at  different  localities  and  of  the  uses  to  which  it  is  put,  for 
building  material  and  particularly  for  making  quicklime  and 
hydraulic  cements.  An  industry,  new  in  this  country,  has  also 
sprung  up  in  the  state,  consisting  in  the  manufacture  of  bricks 
from  sand  and  quicklime;  it  promises  to  become  an  important 
factor  in  the  state's  resources.  The  bulletin  (No.  5)  devoted  to 
this  subject  discusses  the  proj)erties  of  sand-lime  brick  and  the 
limiting  conditions  for  the  manufacture  of  a  safe  antf  durable 
product. 

4.  ImVunia :  Department  of  Geology  and  Natural  Resources. 
Tliirteenth  Annual  Report.  W.  S.  Blatchlev,  State  Geologist. 
Pp.  1494,  with  4*7  j>lates  and  '25  maps.  Indianapolis,  1900. — The 
special  subject  of  roa<ls  and  road  materials  discussed  in  this 
report  is  one  of  the  highest  importance  and  requiring  the  best 
scientific  advice,  and  yet  not  often  treated  so  fully  by  a  Geolog- 
ical Survey.  This  suF)ject  is  discussed  first  in  general  by  the 
State  Geologist,  and  then  in  detail  by  his  assistants  in  its  appli- 
cations to  the  different  portions  of  the  state.  The  value  of  the 
facts  stated  and  of  the  results  arrived  at  are  obviouslv  not 
limited  to  the  state  of  Indiana.  Statistics  of  the  natural  gas  and 
petroleum  industry  for  1905  are  also  given  and  the  concluding 
chapter  by  E.  R.  Cumings  and  J.  W.  Beede  is  devoted  to  the 
fauna  of  the  Salem  limestone. 

5.  Geological  Survey  of  New  Jersey,  Annual  Report  of  the 
State  Geologist^  Henry  B.  Kummkl,  for  the  year  1905.  Pp. 
338,  with  30  plates,  21  figures,  and  3  pocket  maps.  Trenton, 
1905. — The  subjects  which  are  particularly  discussed  in  this 
Report  include  the  following  :  Changes  on  the  New  Jersey 
coast,  by  L.  M.  Haupt  ;  an  account  of  the  fossil  plants,  by  E.  W. 
Berry  ;  the  composition  of  the  crystalline  limestones  of  Sussex 
and  Warren  Counties,  by  H.  B.  Kttmmel ;  Lake  Passaic  as  a 
storage  reservoir,  by  C.  C.  Vermeule ;  and  on  the  j)eat  deposits 
of  northern  New  Jersey.  The  State  Geologist  furnishes  an 
administrative  report  which  opens  the  volume,  and  also  an 
account  of  the  mines  and  mineral  production  of  the  state. 

6.  Geological  Survey  of  Canada  ;  Robert  Beli.,  Director. — 
There  have  recently  appeared  Volumes  XIV  and  XV  of  the 
Annual  Report  (new  series).  Volume  XIV  contains  the  sum- 
mary report  by  the  Director  for  the  year  1901 ;  also  a  series  of 
special  papers  as  follows  :  On  the  Klondike  Gold  Fields,  by  R, 
G.  McCounell  ;  on  the  exploration  of  Ekwan  River  and  Sutton 
Lakes  and  part  of  the  West  Coast  to  James  Bay,  by  D.  B.  Dow- 
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ling  ;  on  the  Nickel  and  Copper  Deposits  of  the  Sudbury  Mining 
District,  Ontario,  by  A.  E.  Barlow  ;  on  the  Geology  of  a  Portion 
of  Eastern  Ontario,  by  R.  W.  Ells;  on  the  Pictou  Coal  Field, 
Nova  Scotia,  by  Henry  S.  Poole ;  on  the  Artesian  and  other  Type 
Wells  on  the  Island  of  Montreal,  by  Frank  D.  Adams  and 
Osmond  E.  Leroy.  These  have  already  been  issued  independently 
and  several  have  been  noticed  in  this  Journal.  The  volume  also 
contains  the  Annual  Report  of  the  Section  of  Mines  for  1901  by 
E.  D.  Ingall.  Maps  751-792  in  separate  cover  accompany  the 
report. 

Volume  XV  contains  the  Summary  Report  for  the  year  1902, 
pp.  472  ;  also  that  for  the  year  1903,  pp.  212.  There  is  further  a 
report  on  the  Coal  Fields  of  the  Souris  River,  Eastern  Assiniboia, 
by  D.  B.  Dowling,  and  the  Annual  Report  for  1902  of  the  Section 
of  Mines  by  E.  D.  Ingall.  As  with  the  preceding  volume,  the 
several  parts  have  been  issued  previously  as  completed.  Maps 
810-823  in  a  separate  cover  accompany  the  report. 

There  has  also  appeared  a  Catalogue  of  Publications  of  the 
Geological  Survey  of  Canada.     Pp.  129. 

7.  A  Bibliography  of  Clays  and  the  Ceramic  Arts  ;  by  John 
Caspkk  Branner.  Pp.  451,  8vo.  1906.  Published  by  the 
American  Ceramic  Society. — Some  ten  years  since,  the  author  of 
the  present  volume  published,  as  Bulletin  No.  143  of  the  U.  S. 
Geological  Survey,  the  first  edition  of  the  Bibliography  which, 
more  than  doubled  in  size,  now  appears  in  the  present  volume  ; 
this  first  edition  contained  2961  titles  while  the  one  now  issued 
has  0027.  To  the  work  of  thus  expanding  and  completing  the  lit- 
erature of  this  important  subject.  Professor  Branner  has  devoted 
much  time  during  the  past  ten  years.  The  manuscript  was  pre- 
sented by  the  author  to  the  American  Ceramic  Society,  and  the 
volume  is  now  issued  by  them  and  given  to  the  public  at  a  very 
moderate  cost.  The  attitude  of  the  Society  towards  the  author's 
gift  and  the  value  of  the  work  in  general  will  be  inferred  from 
the  following  sentences  taken  from  the  publisher's  preface  :  **The 
Society  feels  that  the  unselfish  devotion  and  the  utter  absence  of 
self-interest  betrayed  in  this  course  is  as  beautiful  as  it  is  unusual. 
It  is  a  fine  example  of  the  best  traditions  of  scholarship  and  the 

true  spirit  of    the  scientist We  believe  that  this  work, 

placing  in  concrete  form  before  the  young  students  of  the  rising 
generation  the  sources  of  the  knowledge  which  they  are  seeking 
to  acquire,  is  destined  to  profoundly  affect  the  scholarship  and 
progress  of  our  time  in  this  branch*  of  human  endeavor.  .  .  ." 

8.  Festschrift  Harry  Itosenbusch,  gewidniet  von  seinen  Schil- 
lern  ztnn  siebzigsten  Geburtstag  /  2Jf  Jtini  1906.  Roy.  8°,  412  pp. 
Stuttgart,  1906. — Entirely  aside  from  the  many  valuable  contri- 
butions to  mineralogic  and  petrographic  science  which  this  vol- 
ume contains,  it  is  a  striking  example  of  the  progress  which  has 
been  made  in  these  fields  of  work  and  investigation  since  the 
master  whose  achievements  it  is  intended  to  honor  and  commemo- 
rate began  his  labors.     The  science  of  petrology  owes  its  present 
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position  to-day  more  to  Rosenbasch  than  to  any  other  man,  not 
perhaps  so  mach  to  his  investigations  and  published  writings, 
though  in  these  he  has  been  excelled  by  none,  as  to  his  work  and 
influence  as  a  teacher.  A  large  part,  possibly  a  majority  of  those 
men,  who  as  active  workers  during  the  past  twenty-five  years 
have  been  pushing  forward  into  this  field  of  science,  have 
received  more  or  less  of  their  traininor  in  his  laboratorv  and  have 
been  inspired  by  his  zeal  and  enthusiasm.  As  a  well-deserved 
tribute  of  honor  and  affection  it  will  give  not  less  pleasure  to  the 
recipient  and  to  many  who  will  use  it,  than  it  will  be  of  value  as 
a  contribution  to  science. 

In  this  brief  notice  it  would  be  impossible  to  give  an  adequate 
review  of  the  work,  but  the  following  brief  summary  of  the  table 
of  contents  will  give  an  idea  of  its  scope  and  the  list  of  contribu- 
tors :  Prof.  Grubenmann,  of  Zflrich,  on  glaucophane  rocks ;  Prof. 
Hobbs  on  rocks  of  the  Cortlandt  series  in  Connecticut ;  Prof. 
Wttlfing,  Danzig,  on  mineral  pigments  :  Prof.  Hlawatsch,  Vienna, 
on  an  amphibole  from  Portugal ;  Dr.  Hovey,  New  York  City,  on 
the  geology  of  a  district  in  Mexico;  Prof.  MOgge,  KOnigsberg, 
on  the  action  of  HFl  on  quartz  ;  Prof.  Milch,  Breslau,  on  differ- 
entiation in  a  granite  magma  ;  Prof.  Koch,  Berlin,  on  diabases 
from  the  Hartz  Mts. ;  Dr.  Daly,  Ottawa,  on  a  case  of  differentia- 
tion in  a  magma ;  Dr.  E.  Becker,  Heidelberg,  on  the  Wartenberg 
in  Baden  ;  Prof.  Osann,  Freiburg  in  Baden,  on  alkalic  rocks  from 
Spain  ;  Prof.  Palache,  Cambridge,  Mass.,  on  titanium  minerals 
from  Somerville,  Mass.  ;  Dr.  H.  Preiswerk,  Basel,  on  some  dike 
rocks  from  Piedmont;  Prof.  Steinman,  Freiburg  in  Baden,  on 
the  origin  of  some  copper  ores  in  Bolivia ;  Dr.  Nicolau,  Jassy, 
Bucharest,  on  aragonite ;  Dr.  L.  Finckh,  Berlin,  on  rhombic 
porphyry  from  Kilimandjaro  ;  Dr.  W.  Wahl,  Helsingfors,  on  a 
diabase  from  Aland  Island,  Finland. 

The  volume  is  well  printed  and  illustrated  and  is  a  handsome 
specimen  of  the  bookmaker's  art.  l.  v.  p. 

9.  Evidence  Bearing  on  Tooth-cusp  Development ;  by  Jambs 
Williams  Gidley.  Proceedings  of  the  Washington  Academy 
of  Sciences,  Vol.  VII,  pp.  91-106,  pis.  iv-v. — In  connection 
with  the  work  of  cataloguing  the  portion  of  the  Marsh  collection 
of  Mesozoic  mammals  contained  in  the  U.  S.  National  Museum, 
Mr.  Gidley  has  made  some  iraj>ortant  discoveries  bearing  upon 
the  question  of  tooth-cusp  homologies  in  the  mammalian  molars. 

The  tritubercular  theory  proposed  by  Professor  Cope  and 
developed  by  Professor  Osborn  accounts  for  the  development  of 
the  molar  cusps  in  a  manner  at  variance  with  that  shown  by 
Scott  to  be  true  of  the  molariform  premolars  and  contrary  to  the 
evidence  of  embryology  as  set  forth  by  Woodward,  Tacker,  and 
others.  Centetes,  JEJriculus^  and  Ohrysochloria,  wherein  the  embry- 
ological  evidence  seemed  to  agree  with  the  theory  of  the  tritu- 
berculists,  are  shown  to  have  attained  a  secondary  or  pseudo- 
tritubercular  form  by  the  reduction  of  the  true  protocone  and 
the  fusion  of  the  paracone  and  metacone  into  an  apparent  proto- 
cone. 
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Ab  a  result  of  a  study  of  the  Mammalia  of  the  Atlantosaurus 
beds,  including  the  two  forms  Dryoleatea  and  TViconodoriy  upon 
which  the  trituberculists  especially  relied  to  prove  the  theory, 
Mr.  Gidley  has  arrived  at  the  following  conclusions  : 

"(1)  That  the  evidence  obtained  from  the  Mesozoic  mammal 
teeth  furnishes  no  support  to  the  tritubercular  theory  in  so  far  as 
it  involves  the  position  of  the  protocone  and  the  derivation  of 
the  trigonodont  tooth  from  the  triconodont  stage  through  the 
shifting  of  the  lateral  cones  outward  in  the  upper  molars  and 
inward  in  the  lower  molars. 

'*  (2)  That  it  supports  entirely  the  embryological  evidence  that 
the  primary  cone  is  the  main  antero-external  cusp,  or  paracone^ 
having  retained  its  position  on  the  outside  in  most  upper  molars. 

"  (3)  That  it  agrees  in  the  main  with  Huxley's  *  premolar- 
analogy '  theory ;  as  supported  by  Scott. 

*'  (4)  That  the  molars  of  the  multituberculates,  Tricoiiodon^ 
Dryolestes^  and  Dicrocynodon^  were  apparently  derived  inde- 
pendently from  the  simple  reptilian  cone;  hence  the  supposition 
follows  that  the  trituberculate  type  represents  but  one  of  several 
ways  in  which  the  complex  molars  of  diflFerent  groups  may  have 
been  derived. 

"  (5)  That  in  the  forms  derived  from  the  trituberculate  type  of 
molar  the  order  of  the  succession  of  the  cusps  is  not  the  same  in 
all  groups,  and  apparently  homologous  elements  are  sometimes 
developed  from  different  sources.  Hence  it  follows  that  no 
theory  involving  an  absolute  uniformity  of  succession  ifi^the 
development  of  complex  molars  will  hold  true  for  all  groups  of 
m.ammalsy 

Gidley  urges  that,  though  founded  upon  mistaken  homologies, 
Professor  Osborn's  convenient  nomenclature  be  retained  for  the 
molariform  teeth  on  the  ground  of  clearness  and  brevity  and 
because  of  its  wide  use  in  many  publications.  r.  s.  l. 

10.  The  Origin  of  Birds ;  by  W.  P.  Pycrapt,  A.L.S.,  F.Z.S. 
Knowledge  and  Scientific  News,  Vol.  Ill,  New  Series,  Sept.,  1906, 
p.  631. — In  this  article  Mr.  Pycraft  makes  a  very  interesting  fore- 
cast of  the  probable  appearance  of  the  ancestral  bird  or  pro- 
avian.  This  he  considers  much  more  primitive  than  Archaeop- 
teryx  from  the  Jura,  for  that  genus  is  a  genuine  bird  though 
with  several  reptilian  characteristics. 

The  principal  features  of  the  pro-avian  are  thought  to  have 
been  as  follows :  Of  small  size,  probably  arboreal,  with  the  trunk 
relatively  longer  than  in  modern  birds.  Pycraft  supposes  that 
the  creature  had  substituted  leaping  for  climbing  about  the  trees  ; 
from  this,  leaping  from  tree  to  tree  would  naturally  follow.  This 
would  in  turn  throw  the  most  work  upon  the  three  inner  digits  of 
the  grasping  hand,  which  would  as  a  consequence  grow  stronger 
and  at  the  same  time  the  outer  fingers  would  suffer  a  correspond- 
ing diminution.  Correlated  with  this  would  be  the  development 
of  two  folds  of  skin,  one  in  front  of  and  one  behind  the  arm,  and 
the  flexion  of  the  limb  and  development  of  its  post-axial  border 
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would  also  follow.  The  redaction  of  the  digits  of  the  hind  foot 
to  four  and  the  lengthening  and  approximation  of  metatarsals 
2-4  to  form  a  **  cannon  ^  bone,  Pycraft  thinks*  were  due  to  leaping. 
Feathers  are  deriveii  from  the  reptilian  scales,  those  upon  the 
hinder  fK>rder  of  the  wing  lengthening  and  becoming  fimbriated 
along  their  edges  and  more  and  more  efficient  for  carrying  the 
body  through  space. 

A  figure  of  the  pro-avian  is  presented  which  combines  lizard- 
like characters  with  those  of  Arch»opleryx.  The  principal  objec- 
tion to  the  restoration  lies  in  the  lack  of  sufiicient  alar  expanse, 
either  by  membrane  or  by  feathers,  to  support  the  animal  in  the 
air.  It  would  seem  as  though  a  moderately  well  developed 
patagium,  of  which  the  pre-  and  post-patagia  of  existing  birds  are 
the  mere  remnant,  must  have  preceded  the  development  of 
feathers.  This  one  might  assume  from  the  description,  but  not 
from  the  figure. 

It  is  difficult  for  the  reviewer  to  imas^ine  the  reduction  of  the 
bird's  hand  to  be  a  grasping  modification,  or  one  which  would  aid 
the  creature  at  all  in  its  arboreal  life  ;  but  that  it  is  directly  cor- 
related  with  the  development  of  the  feathered  wing  seems  much 
more  probable,  Again,  how  is  one  to  account  for  the  great  simi- 
larity of  the  hind-limb  of  the  bird  to  that  of  the  bipedal  dino- 
saurs? The  Triassic  dinosaurs  with  a  few  exceptions  had  this 
type  of  foot,  yet  they  were  preeminently  terrestrial  forms  and 
the  vast  assemblage  of  their  foot-prints  in  the  Connecticut  Val- 
ley ^hows  not  one  instance  of  a  leaping  individual.  R.  s.  l. 


III.     Miscellaneous  Scientific  Intelligence. 

1.  JVfitional  Academy/  of  Sciences. — The  autumn  meeting  of  the 
National  Academy  was  held  in  Boston  on  Nov.  20-*22  in  the  new 
buildings  of  the  Harvard  Medical  School.  The  meeting  was  one 
of  unusual  interest  ;  the  attendance  was  large  and  as  shown  below 
a  long  list  of  papers  was  presented.  A  novel  feature  of  the 
meeting  was  the  Conversazione,  or  exhibit  of  specimens,  appara- 
tus, etc.,  held  on  Tuesday  afternoon  ;  about  fifty  exhibits  were 
inclucled  in  the  list.    The  titles  of  papers  presented  are  as  follows: 

Alexander  Graham  Bell  :  A  few  notes  concerning  progress  in  exx>eri- 
meiitH  relating  to  ai^rodromics.  On  the  construction  of  an  aerodrome  with 
historical  introduction, 

W.  E.  Story  :  A  method  for  the  enumeration  of  algebraic  invariants. 

A.  G.  Webster  :  Acoustic  measurements. 

W.  T.  Porter  :  Vasomotor  relations. 

A.  A.  Notes  and  others :  The  conductivity,  ionization  and  hydrolysis  of 
salts  in  aqueous  solution  at  high  temperatures. 

R,  S.  Woodward  :  Theory  and  application  of  the  double  suspension 
pendulum. 

R.  H.  Chittenden  :  The  minimal  proteid  requirement  of  high  proteid 
animalH. 

G.  N.  Lewis  :  The  free  energy  of  oxidation  processes. 
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G.  W.  PiBRCB  :  Wave-length  meastirements  in  wireless  telegraphy. 

E.  H.  Hall:  Measurement  of  the  Thomson  thermoelectric  effect  in 
metals. 

John  Trowbridqe  :  Analogy  between  electrical  energy  and  nervous 
energy. 

Joseph  Barbell  :  Continental  sedimentation  with  applications  to  geo- 
logical climates  and  geography. 

Theodore  Lyman  :  Light  of  extremely  a^hort  wave-length. 

W.  M.  Davis  :  The  eastern  slope  of  the  Mexican  Plateau. 

Ellsworth  Huntington  :  Evidence  of  desiccation  during  historic  times 
discovered  in  Chinese  Turkestan  in  1005-06. 

W.  H.  Pickering  :  Planetary  inversion  and  the  tenth  satellite  of  Saturn. 

S.  I.  Bailey  :  The  work  of  the  Bruce  telescope. 

T.  W.  Richards,  L.  J.  Henderson  and  H.  L.  Fevert  :  The  heat  of 
combustion  of  benzol. 

T.  W.  Richards  and  George  S.  Forbes  :  The  atomic  weights  of  nitrogen 
and  silver. 

Robert  T.  Jackson  :  Structure  of  Richthofenia. 

W.  E.  Castle  :  On  the  process  of  fixing  characters  in  animal  breeding. 

E.  L.  Mark  and  J.  A.  Long  :  The  maturation  of  the  mammalian  ovum. 

£.  L.  Mark  :  The  marine  biological  station  at  La  Jolla,  Cal. 

G.  H.  Parker  :  Reactions  of  Amphioxus  to  light. 

H.  C.  Jones  :  The  absorption  spectra  of  solutions  in  relation  to  the 
present  hydrate  theory. 

S.  F.  Acree  :  On  the  salts  of  tautomeric  compounds. 

C.  P.  Bowditch  :  The  Temples  of  the  Cross,  of  the  Foliated  Cross,  and  of 
the  Sun,  at  Palenque,  Mexico. 

G.  C.  CoMSTOCK  :  Extent  and  structure  of  the  stellar  system. 

H.  F.  Osborn:  Tyrannosaunis,  an  Upper  Cretaceous  Carnivorous  Dinosaur. 
Section  of  American  Tertiaries.  Complete  mounted  skeleton  of  FiD-back 
Lizard  Neosaurus  of  the  Penivian. 

Otto  Folin  :  Metabolism  of  Creatin  and  Creatinin. 

C.  S.  Minot  :  Nature  and  cause  of  old  age. 

C.  S.  Peirce  :  Phaneroscopy,  or  natural  history  of  signs,  relations,  cate- 
gories, etc.  A  method  of  investigating  this  subject  expounded  and  illus- 
trated. 

Bailey  Willis  :  Heterogenous  elements  of  the  continent  as  factors  in  the 
history  of  North  America. 

S.  C.  Chandler  :  Present  state  of  knowledge  as  to  motions  of  the  terres- 
trial pole. 

C.  S.  Van  Hise  :  The  origin  of  the  ores  of  the  cobalt-silver  district  of 
Ontario. 

C.  D,  Walcott  :  Geological  and  biological  study  of  the  Cambrian  brachi- 
opods. 

J.  M.  Crafts  :  The  catalysis  of  sulphuric  acids. 

W.  B.  Scott  :  The  Miocene  mammals  of  Patagonia. 

G.  F.  Hale  :  Sun  spot  spectra,  and  their  bearing  on  stellar  evolution. 

2.  llie  Human  Mechanism ;  its  Physiology  and  Hygiene 
and  the  Sayritation  of  its  Surroundiyigs  ;  by  Theodork  Hough 
and  William  T.  Sedgwick.  Pp.  ix -1-564,  with  14Y  illustrations. 
New  York  and  Boston,  1906  (Ginn  &  Company). — This  text- 
book differs  widely  from  the  usual  elementary  treatise  on  physiol- 
ogy in  that  the  anatomical  portion  of  the  subject  is  made  as 
brief  and  elementary  as  possible  in  order  to  give  greater  empha- 
sis to  the  strictly  physiological  and  hygienic  aspects  of  the  body. 
The  book  is  divided  into  two  parts  of  nearly  equal  length:  (I) 
physiology  proper,  including  a  brief  and  simple  account  of  such  ana- 
tomical structures  as  are  absolutely  necessary  for  a  proper  under- 
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standing  of  the  organs  involved,  and  (II)  the  hygiene  of  the 
haman  mechanism  and  the  sanitation  of  its  snrroandings.  The 
aims  of  the  authors,  as  stated  on  p.  303,  is  to  persuade  every  one 
who  reads  the  book,  not  merely  to  study  and  know  himself  as  a 
physical  mechanism  with  the  thoroughness  with  which  he  would 
study  a  valuable  watch  or  an  automobile,  but  to  use  that  mech- 
anism scientifically  to  the  end  that  life  may  be  longer,  more  use- 
ful, and  more  enjoyable.  With  this  object  in  view,  the  second 
part  of  the  book  is  devoted  to  personal  hygiene,  domestic  hygiene 
and  sanitation.  The  home  is  considered  with  respect  to  its  sup- 
ply of  light,  heat,  air  and  water,  and  the  removal  of  wastes, 
while  the  six  concluding  chapters  on  the  public  health  and  sani- 
tation discuss  public  supplies  of  food,  water,  and  gas,  public 
sewerage,  infectious  and  contagious  diseases,  vaccination  and 
serums,  public  conveyances  and  public  buildings,  and  the  health 
of  nations. 

The  book  deserves  much  praise  both  for  the  attractive  style 
in  which  the  subject  is  presented  and  for  the  excellence  of  the 
many  original  illustrations.  It  will  undoubtedly  be  of  great  ser- 
vice wherever  it  is  used  in  encouraging  the  "establishment  and 
maintenance  of  the  highest  possible  working  efficiency  of  the 
human  mechanism."  w.  r.  c. 

3.  The  Voyages  and  Mtplorationa  of  Samuel  de  Champlain 
(ISOJf-lSlS),  narrated  by  himself.  Translated  by  Axnis 
Nettleton  Bourne.  Together  with  the  Voyage  of  1603  re- 
printed from  Purchas  His  Pilgrimes,  Edited  with  introduction 
and  notes  by  Edward  Gaylord  Bourne.  In  two  volumes  ;  vol. 
I,  pp.  xl,  254  ;  vol.  II,  pp.  229.  New  York,  1906  (A.  S.  Barnes 
Company). — The  voyages  of  Champlain  were  alike  remarkable 
for  the  bravery  and  energy  with  which  they  were  carried  through, 
and  for  the  importance  of  the  geographical  results  attained.  This 
excellent  translation,  which  for  the  first  time  makes  Champlain's 
most  interesting  writings  readily  accessible  in  English  form, 
should  find  many  readers  not  only  among  students  of  history  but 
also  among  all  those  interested  in  the  land  which  he  did  so  much 
to  make  known.  The  introduction  by  Professor  Bourne,  with  its 
able  estimate  of  Champlain's  character  and  work,  adds  largely  to 
the  value  of  the  work.  These  two  volumes  form  volumes  six- 
teen and  seventeen  of  "  The  Trail  Makers  Series  "  of  early  Ameri- 
can expeditions,  voyages  and  discoveries. 

4.  U.  S.  Department  of  Agriculture,  Field  Operations  of 
the  Bureau  of  Soils ^  lOOJ^  (Sixth  Report)  ;  by  Milton  Whitney, 
Chief,  with  Accompanying  Papers  by  Assistants  in  charge  of 
field  parties.  Pp.  1159,  with  one  plate,  45  figures  ;  also  53  maps 
in  separate  cover.     Washington,  1905. 


INDEX    TO    VOLUME    XXII.* 


Academy,  National,  Memoirs,  98; 
meeting  at  Boston,  548. 

AdamSy  F.  D.,  elastic  constants  of 
rocks,  95. 

Air  in  intense  electric  fields,  conduc- 
tivity, Ewell,  368. 

Alaska,  Geography  and  Geology, 
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Amphibole,  formation,  403,  435. 

Andrews,  C.  W.,  Tertiary  Verte- 
brata  of  the  Faytlm,  Egypt,  465. 

Animals,  Life  of,  Ingersoll,  191. 

Ashley,  R.  H.,  dithionio  acid  and 
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Association,  American,  meeting  at 
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Astronomical  observatory,  see  Ob- 
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Bacon,  N.  T.,  phenomena  in 
Crookes'  tubes,  310. 

Barus,  C.  drop  of  pressure  in  fog 
chamber,  81,  339  ;  nuclei  and  ions 
in  dust -free  air,  136;  standardizing 
the  coronas  of  cloudy  condensation, 
342. 
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Ceanothus  Americanus,  Holm,  523. 
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Acetone,  Jolles,  79. 
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ter,  13. 
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raphy, BranutT,  545. 
Clement,  J.  K.,    formation  of  min- 
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rocks,  95. 
Cook,  C.  W.,    datolite   from    West- 
field,  Mass.,  21. 
Cordoba,    la   Sierra  de,  geology, 

Bodenbender,  88. 
Coronas    of    cloudy     condensation, 
Barus,  342. 


Crookes'  tubes,  phenomena  in. 
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89  ;  Geometrical,  Sommerfeldt.  89. 
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;  Elastic   constants  of  rocks,    Adams 
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Canada,  vols,  xiv,  xv,  544. 

niinois.  Bulletins  I,  II,  543. 

Indiana,  13th  annual  report,  544. 

'New  Jersey,  1905,  544. 

New  Zealand,  542. 

Ohio,  bulletins  4  and  5,  543.  | 

United  States,  list  of  publications,  \ 
84,  346 ;    report  of  Reclamation 
Service,  84  ;    topographic  atlas, 
84. 
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Arthropoden,  Phylogenie,  Hand- 
lirsch,  349. 

Bird,  fossil,  from  the  Wasatch, 
Loomis,  481. 

Birds,  origin  of,  Pycraft,  547. 

Botryocrinus,  Bather.  468. 

Bowlders  in  conglomerate,  frac- 
tured, Campbell,  231. 

Cambrian  Faunas  of  China,  Wal- 
cott,  18H. 


Pleistocene  deposits  of  Sonth  Caro- 
lina,  Pugh,  186 ;    of  Nantucket, 
Cushman,  187. 
— geology    of  Mooers   Quadrangle, 

Wood  worth,  86. 
Preglacial  deposits,  Atlantic,  Bow- 
man, 313. 
Schistosity    caused  by  orvstalliza- 

tion,  Wright,  224. 
Tertiary    Vertebrata,    of     FayCim, 
Egypt,  Catalogue,  Andrews,  465. 
Tooth-cusp    development,    Gidley, 

548. 
Voliitilithef  petrosus,  Smith,  263. 
Geology  of  Alaska,  Brooks  and  Abbe, 

187. 
Gidley,  J.   W.,  tooth-cusp  develop- 
ment. 546. 
Glaciology,  new  journal  of,  93. 
Gleichen,  A.,  Praktische  Optik,  541. 
Gletscherkunde,  Zeitschrift  flir,  93. 
Gooch,  F.  A.,  separation  of  arsenic 

from  copper,  488. 
Goodale,  G.   L.,  plaster-plaques  for 
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after  laumontite  and  conindum.  47. 
Groth,  P.,  chemical  crystttllography. 
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'  '  Mexico,  159. 
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Copper  deposits  of  Nevada,  Lawson,    Hallock,  W.,    Evolution  of  weights 
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Cybele    new   American,    Raymond    Handlirsch,  Fo'ssile' Inseckten,  349. 


and  Narraway,  349. 
Dakotan    series    of    New    Mexico, 

Keyes,  124. 
Eodevonaria,  Breger.  534. 
Indoceras,  Noetling,  349. 
Isostacy,  geodetic  evidence  of.  Hay- 


ford,  185. 
irassic  foi 
Land.  Whitfield,  263. 


Hay  ford,  J.  P.,  geodetic  evidence  of 
isostacy,  185. 

Hidden,  V/.  E.,  yttrocrasite,  515. 
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Lyttoniidae,  Noetling,  349.  ;  Hohncs,  S.  J.,  Biology  of  Frog,  190. 

Hough,  T.,  Human  Mechanism,  549. 


Mountain    building    and    abyssal 

igneous  injection,  Daly,  195. 
Oklahoma,  geology,  Gould,  87. 
Ordovicifin    rocks    of     Kentucky, 

upper,  Nickles,  348. 
Owl  Creek  Mts.,  Wyoming,  geology, 

Darton,  467. 
Parapsonema  corvtophysa,   Fuchs, 

263. 


Howard,  K.  S.,  Estacado  meteorite, 

55. 
Hydrolysis  of    salts    of    iron,   etc.. 

Moody,   76 ;    of  ammonium    salts, 

Moody,  379. 
Hygiene,  Personal,  Woodhull,  94. 
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Pectens  of  California,  Arnold,  188. 

Permian  insects,  types  of,  Sellards,    Illinois  Geol.  Survey,  Bulletins,  1,  2, 
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Indiana  Geol.  Sarvej.  13th  Beport, 
544. 

IngersoU,  E.,  Life  of  Animals,  191. 

Insects,  types  of  Permian,  Sellards, 
249. 

Interference  fignres  ander  the  micro- 
scope. Wright,  19. 

Iron  shale  from  Canvon  Diablo  me- 
teorite. Famngton,  803. 


Japan,  Imperial  Agricnltaral  Station, 
94. 
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Kelly,  H.  A.,  Zoology,  476. 

Kentucky,  npper  Ordovician  rocks, 
NickU'S,  348. 

Keyes,  C.  R.,  Dakotan  series  of  New 
Mexico.  124. 

Krans,  £.  H.,  datolite  from  West- 
field.  Mass.,  21. 


Lawson,  copper  deposit  of  Nevada, 

467. 
Levin,  M.,  absorption  of  a-rays  from 

poloninm,  8. 
Linville,  H.  R.,  Zoology,  476. 
Loomis,  F.   B.,  fossil  bird  from  the 

Wasatch,  481. 

M 

Meteorite,  iron.  Canyon  Diablo,  iron 
shale  from,  Farrington,  308. 

—  pallasite,  of  South  Bend,  Farring- 
ton. 93. 

—  fttoiif ,  the  Estrtcado,  Howard,  55, 
analysis,  Da\'ison.  59 ;  Shelbume 
Falln,  Farrington.  93. 

Meteorites,  Collection  of  Berlin  Uni- 
versity, Klein,  90. 

—  formation  of.  431. 

Mexico,  eruptive  rocks.  Guild,  159. 

—  Tenth  International  Geological 
Congress,  463. 

Microscope,  interference  fignres  un- 
der the,  Wright,  19. 

—  p(ilarizatiou.  Weinschenk,  89. 
Millikan,  R.  A.,  Pliysics,  345,  346. 
Mineral    tables,    Schroeder   van   der 

Kolk,  90. 
Mineralogy  of  France,  Gonnard,  90. 

MINERALS. 

Amphibole,  formation,  403,  435. 
Bellite,  Tasmania,  469.     Beryl  crys- 
tals, 217. 


Cblormanganokalite,  470.  Oonm- 
dnm.  Perth,  Ontario,  psendo- 
morph  after,  52. 

Datolite.  Westfield,  Mass.,  21. 
Donghtyite,  Colorado,  470. 

Enstatite.  formation,  397. 

Fosterite.  formation  and  optical 
constants,  390. 

Giorgiosite.  469. 

Eertschenite,  470.  Kleinite.  Texas, 
469.     Knpfferite,  formation,  406. 

Morairite.  Moravia,  470. 

Northnpite,  459. 

Orthoclase.  psendomorph.  Qnebec, 
47.     Otavite,  Africa,  470. 

Paravivianite,  470.  Pyroxene,  for- 
mation and  properties,  391. 

Quartz,  formation.  275. 

Silicomagnesiofinorite,  Finland, 
469.  Stibiotantalite.  California, 
61.  Stilpnochlofan.  Aloravia.  470. 

Tridvmite,  formation,  etc.,  2  7  5. 
Tychite,  459. 

WoUastonite,  formation,  275. 

Yttrocrasite,  Texas,  515, 
Minerals,  lime-silica   series,  forma- 
tion.   Dav   and    Shepherd,    optical 

study.  Wnght,  265. 

—  of  composition  MgSiOi,  formation, 
Allen,  Wright  and  Clement,  385. 

—  radium  in,  1,  4. 

Mizter,  W.  G.,  thermal  constants  of 
acetylene.  13. 

Moody,  S.  E.,  hydrolysis  of  salts 
of  iron,  etc.,  176*;  of  salts  of  am- 
monium, 379  ;  iodometric  deteimi- 
nation  of  basic  alumina,  4S3. 

Monlton,  F.  R.,  Astronomy,  191. 

Mountain  building  and  igneous  injec- 
tions, Daly,  195. 

N 

Nantucket,  Pleistocene  deposits, 

Cushmau.  187. 
Newcomb,  S.,  Spherical  Astronomy, 

191. 
New  Hampshire,  geology  of,  Pirsson 

and  Washington,  439,  493. 
New  Jersey  Geol.  Survey,  544. 
New  Mexico,  Dakotan  series,  Keves. 

124. 
New  York   State   Museum,   report, 

348. 
New  Zealand  Geological  Survey,  542. 
Nobel  Prize  in  1903,  351. 
Noetling,  F.,  die  Entwickelung  von 

Indoceras,  349  ;   tiber  die  Familie 

Lvttoniid-e,  349. 
^Nuclei   and   ions  in    dust -free  air 

Barus,  136. 


INDEX. 


555 


OBITUARY. 

Boltzmann,  L.  476. 

BrackenbaBch,  L.,  104. 

BnUer,  Sir  W.  L.,  352. 

Drade,   P.,  352. 

D wight,  W.  B.,353. 

Penfield,  S.  L.  264,  353. 

Scbellwien,  E.,  94. 

Von  der  Osten  Sacken,  Baron  C.  R. , 

194. 
Ward,  H.  A.,  194. 
Observatory,   United  States  Naval, 
publications,  475. 

—  Yale.  Transactions,  471. 
Ohio,  Geol.  Survey,  543. 
Oklahoma  geology  of,  Gould.  87. 
Optics,  Meteorological,  Pernter.  81  ; 

Physical,  Wood,  193;  Practical, 
Gleichen,  541. 

Ostwald  W.,  Allgemeine  Chemie, 
460. 

Ozone,  formation  from  oxygen,  War- 
burg and  Leithftuser,  462. 

—  generator  of  Siemens,  Ewell,  368. 


Penfield,  S.  L.,  stibiotantalite,  61. 

—  obituary  notice,  Pirsson,  353. 
Pernter,  J.  M.,  Meteorologlsche  Op- 

tik,  81. 

Phelps,  M.  A.,  separation  of  arsenic 
from  copper,  488. 

Photometric,  measurements,  Tufts,  ' 
531 

Physics,  Millikan  and  Gale,  345,  346. 

Pirsson,  L.  V.,  obituary  notice  of  S. 
L.  Penfield.  353  ;  petrography  of 
Belknap  Mountains.  439,  493. 

Plaster-plaques  for  museums,  Good- 
ale,  90. 

Polari  sationsmi  kroskop,  W  e  i  n  - 
schenk,  89, 

Polonium,  absorption  of  a-rays  from, 
Levin,  8. 

Pratt,  H.  S.,  Vertebrate  Geology, 
190. 

R 

Radio-activity,  Becker,  Rutherford, 

Lrevin,  460, 
Radium,    production    by    actinium, 

Boltwood,  537. 

—  and  thorium,  relative  activity. 
Eve,  477. 

—  and  uranium  in  radio-active  min- 
erals, Rutherford  and  Boltwood  ; 
Eve,  4. 


Raymond,   P.  E.,  Chazy  formation 

and  fauna,  348. 
Refraktionstafeln,  de  Ball,  82. 

ROCKS. 

Aplite,  Belknap  Mts.,   N.  H.  439. 

Camptonite,  498. 

Elastic     constants,     Adams     and 
Coker,  95. 

Ernptive  rocks  in  Mexico,  Guild, 
159. 

Essexite^  Belknap  Mts.,  N.  H.,  495. 

Gneiss,  Gunstock,  505. 

Spessartite,  Belknap  Mts.,  N.  H., 
453, 

Syenite.    Belknap    Mts,,    439;    of 
Plduenscher  Grund,  129. 

Unakite,  Virginia,  248. 
Rosenbusch,  H.,  Festschrift,  545. 
Royal    Society,    London,    publica- 
tions, 102. 
Russian  Carboniferous  and  Permian, 

Schuchert,  29,  143. 
Rutherford,  E.,  radium  and  uranium 

in  radio-active  minerals,  1. 


Samwel   Cave,  California,   explora- 
tion. Furlong,  235. 

San  Francisco,  Earthquake  Investi- 
gation Committee  report,  82. 

Schuchert,  C,  Russian  Carbonifer- 
ous and  Permian,  29,  143. 

Sedgwick,  W.  T.,  Human  Mechan- 
ism, 549. 

Sellards,    E.    H.,  types  of  Permian 
insects,  249. 

Shaft  governors,  Triiiks  and  Housum. 
82. 

Shepherd,  E.  S.,  lime-silica  series  of 
mineral  formation,  265. 

Silicates,  constitution  of,  Tsohermak, 
88. 

Smith,  A.,  Inorganic  Chemistry,  345. 

Smith,  M.  F.,  parallax  investigation 
of  1(>2  stars,  471. 

Soils,  Hilgard,  468. 

—Bureau  of,  1904  Report.  550. 

South  Carolina,  Pleistocene  deposits, 
Pugh,  186. 

Stars,     investigation     of     paralhix, 
Chase,  Smitli  and  Elkin,  471, 

Swiss  Alpine  lakes,  Bourcart,  468, 


Transvaal,  mines  of,  Moreau,  89. 
Tschermak,  G.,  silicate  formulas,  88. 
Tufts,  F.   L.,  photometric  measure- 
ments, 531. 


556  IXDKX. 

U  *  Wood.  R.  W.,  Phrncal  OpUcs.  193. 

United  SUtes,  Dep't  of  Agricoltmt^.    Wright,  F.  E.,  interference  ajmre*. 

-  Naral  ObBerrat/.rr.  publication*,        Ji^j^-^  ''!^^"1,^^  crTrt.Jliz*tion, 
_jj5«  •    "^  224 :   optical    rtTidv   on    the   hm«r- 

-  wi'  GeoL  Report..  "l'^*  ^^'^rf^?.;  /^tl-  ^^™^^^''^  ^^ 

V 
VesoTins,  ammoDia  from  emptiou.  X 

.StoklaM,  540.  __  i     -.      w  ,^^ 

-  ra/lio-wtiritr  of  a8h«».  460.  X-rays.  velrK-itj.  Marx.  4bl 

Virginia,  t5*;ol.  Hurvey  balletin.  **7. 


W 


Y 

Yale  Obsjerraton-.  transactions.  471. 


Walcott,  C.  D..  Cambrian  «if  China 

18.S. 

Warren,   C.    H..   yttrricnwite,   515:  Z 

niobium  ami  tantalum   tieparation.  „     ,                      ,   ▼ .      -„         ,  ^  ,. 

501^  Zoology,  tjeiierai.  LinvilJtf  and  Krlly. 

Wasatch,  Um^W  bird.  Loomis.  m.  "^''^           ,^       ,. 

Washinj^on,     H.     S..     nyenite     ..f  —  ^^^rf^^^ate,  Pratt.  19<i. 

Planf-iKw-h'-r   rirnnd.    121*:    jHrlro;;-  ^r\r\v  r\r^\T 

niphy  of  IJ^lknap  Muiintaius.  4:il».  ZOOLOGY. 

A[Ki.  '  Birds,  uriion  of.  Pycntft.  547. 

Watson,  T.  S.,  unakite  in  Vir^^nia,  Klies.    British  BKKxi-iuekint:.  An*- 

24y.  t«fn,  47»i. 

Weig^hts   and   MvasnrHrt.    Evolution.  Frojr,  Biolo^^y  of,  Holmeft,  1!m). 

HullfK'k  and  Wad**,  HA*}.  Homoptera.     Catalnguo.      Di slant. 

Wetterkunde,  BoniKtein.  81.  47ti. 

Wilson,  R.  W.,  astntuomy,  191.  Mammals,  E.  IntrerMoU,  191. 


STANFORD 


STANFORD  UNIVERSITY     Lm 


LIBRARIES 


FORD     UNIVERSITY    LIBRARIE? 


